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Tne medical, social and economic problems of the physically 
handicapped are linked together so closely that in a short discussion 
it is difficult to separate these into three distinct subjects. Your 
peaker, being an orthopedic surgeon, now limiting his clinical work 
entirely to children, cannot help but focus attention to this younger 
group. Approximately 80% of the crippled children present physical 
handicaps carried through into adult life, so that almost any discus- 
ion of the child will also be applicable to the adult. 

In referring to the child as a problem of the physically handi- 
apped, it is apropos to quote from the “Crippled Child’s Bill of 
Rights” as adopted several years ago by one of the national societies 
or crippled children: “Every crippled child has the right to the 

est body which modern science can help it secure; the best mind 
vhich modern education can give; the best position in life which his 
shysical condition perfected as best it may be will permit; .. .” 

lirst the best body! What are some of the more common condi- 
tions causing a crippled body, and what are some of the things to be 
lone to make this a better body? Infantile paralysis, as a cause for 

rippling in childhood, has for years held first place. More and 
nore investigative work, however, is being done—especially that 
ponsored by the National Foundation for Infantile Paralysis 
ind it may be that the means of prevention is now close at hand. 
"he methods for the care of the paralyzed muscles are being con- 
tantly improved, most of the deformities can be corrected, the 
instable joints can be made stable, and often braces can be applied 

* Presented on January 22, 1941, at the Annual Meeting of the Department of 
Social Service, Hospital of the University of Pennsylvania. 
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to allow weakened and paralyzed parts to be used which would not 
function otherwise. Congenital club feet and congenital dislocation 
of hips constitute two other major causes for crippling in childhood. 
If these two conditions are treated early, often the recovery will be 
such that it is difficult to tell there has been a physical handicap. 
If they are treated later in life, nearly always an improvement can 
be expected. The infections of bones and joints caused by the 
tubercle bacillus or the streptococcus or staphy lococcus are responsi- 
ble for a large number of the physically handicapped. With the 
miracles of chemotherapy, resulting from the use of sulfanilamide 
and its derivatives, and with the use of antitoxins, the severe infec- 
tions from the streptococcus and staphylococcus are being less 
feared and becoming less numerous. The incidence of tuberculosis 
of bones and joints is less, due to the campaigns to control the milk 
supply and the contact of those known to have pulmonary tubercu- 
losis with healthy ones. About 50 vears ago, one-half of all the 
crippled children were crippled because of tuberculosis; now the 
incidence is 5% or less. The developmental deformities of legs, 
such as bowlegs and knock knees, due to rickets and other nutri- 
tional disturbances, now are fewer and fewer, due to the improve- 
ment in infant care and the appreciation of certain vitamin-contain- 
ing foods. The two crippling conditions with which little progress 
has been made in either the prevention or the treatment of, are 
spastic paralysis and progressive muscular dystrophy. Research is 
certainly needed to find out more about their causes. These are only 
a few of the more common conditions causing crippling in childhood. 

Second, the best mind! How can this be obtained and what prob- 
lems are presented? In nearl, all large cities, there is now special 
provision made for special classes for the teaching of the crippled 
child. However, this does not in any way adequately meet the situa- 
tion. There are about 100,000 crippled children in need of special 
education, and this is provided for only 25° of this number. The 
two principal reasons for this unfortunate situation is: 1, that the cost 
is from 3 to 5 times as great to educate a crippled child as a normal 
one; and, 2, that a large part of these crippled ones live in the rural 
areas Where both the transportation to special classes in the schools, 
if there were such, and the cost of same would be difficult to arrange. 
Hence, the education of the crippled one in the rural areas has be- 
come one of the greatest of the needs in the care of crippled children. 
In planning the education of the crippled child, whether academic 
or vocational, the mental abilities of the child must be carefull) 
studied, evaluated, and then developed. Perhaps there is a greater 
need for the so-called progressive education for the crippled child 
than for the normal one. Certainly his aptitudes for specific types of 
study and work should be given special attention, and emphasis 
placed upon these in his education. If he likes to write, and has 
imagination, let him think in terms of being an author and writer. 
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His physical disability should not in any way handicap him for this 
vocation 

And third, the best position in life! How is this to be obtained? 
This is dependent upon the handicapped one’s social and economic 
adjustment. After all, a successful adjustment should be the ulti- 
mate goal for all programs of the physically handicapped. It is 
nportant tor the handicapped one to have a good morale. This 
may vary with his power and ability to earn a living; hence he should 
riven every opportunity, possible for physical and vocational 
rehabilitation. If he is successful in his economic adjustment, there 
isually follows a good social adjustment. He then will meet society 
On an equal level, and social relationships with normal ones will be 
normal without allowances being made for his handicaps. He will 
be competent in his employment, self-confident, independent, suc- 
cessful, and happy. If there is an unsatisfactory social and economic 
idjustment, he will become increasingly dependent upon society, 
and will undoubtedly become more lonely, isolated and unhappy. 
vervthing possible should be done to avoid this condition. 

In discussing the problem of the crippled one, a word should be said 
about sympathy. This should never be given! It isdemoralizing to the 
person, and so often leads to unnecessary dependency. Self-reliance on 
the part of the crippled child or adult is to be desired, of course, and 
this cannot be obtained if friends and parents are constantly empha- 

izing the disabilities, saving how sorry they are for him, and offering 

a helping hand when he can take care of himself. Crippled ones 
hould associate with the normal insofar as it is possible, and their 

indicaps completely overlooked. They should definitely not be 
egregated in their social and community life, although it may be 
necessary to have special classes for their education. They have 

rippled bodies, but not crippled minds. If too much sympathy and 

sistance Is given, their minds will become crippled, they will be 
elf-centered, self-pitying and definitely introspective. This attitude 

mind, if allowed to develop, will be much more difficult to 
orrect than the physical deformities and disabilities. Their social 
ment cannot be satisfactorily made; they are unhappy, and 
those responsible for them become unhappy. 

\ word particularly about the crippled adult. Before a physically 
handicapped adult is started on his path to independence and self- 

ificiency, there must always be an accurate appreciation and evalu- 
ation of his medical, social, and economic status. A study should be 
made also of his special aptitudes, his intelligence, his temperament, 

nd his interests. Perhaps this can best be understood by giving an 
example of a typical vocational rehabilitation problem. A carpenter 
falls from a high scaffold and suffers a broken back and two broken 
heels. He is in the hospital for months, but finally comes out on 
crutches, and with a back brace. He has always been a carpenter, 
Knows no other occupation, but it is very evident he will never be 
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able to go back to carpentry. First, his physical condition shows 
weakness and deformity in his back and painful heels. He has been 
interested in mechanical things, and working with his hands all his 
life. He is of good intelligence, has an optimistic temperament, has 
always been conscientious and industrious, and does not want to 
remain idle in mind or body. Given a vocational training in some- 
thing he can do while sitting, he will be able to earn his own living 
again. Watchmaking appeals to him; he learns fast and is trained 
in 6 months’ time. There is a demand for good watchmakers. 
Twelve months later he is not only earning his own living, but is 
able again to be the sole support of his family. He is definitely 
back into the economic life of the community in a very remunerative 
and self-supporting job, and quite competent to make his own way. 
Through vocational rehabilitation, his economic problems have been 
solved, and a normal social readjustment will follow. 

Several vears ago, vour speaker was deeply impressed with what 
the director of a large crippled children’s vocational school in Den- 
mark told him; namely, that the problem of the crippled one, whether 
adult or child, had three equally important parts: 1, Medical care; 
2, Education and Training; and 3, Placement in work. He believed 
and emphasized the point that medical care should never be under- 
taken unless it was possible to carry on with the other two. Since 
hearing this statement, I have constantly and repeatedly thought 
that this should also be our perspective of the ultimate solution of 
our problem. Any comprehensive program for the care of the 
physically handicapped should include these three parts. If our 
national program included such, it could be said our program is 
adequate; but unfortunately it can be called adequate in only cer- 
tain parts of our country. It is the ideal, but it is certainly not 
beyond our realization. 

In conclusion, some remarks made by Dr. Robert B. Osgood of 
Boston relative to the crippled child, also applicable to the crippled 
adult, sums up most clearly what we are trying to accomplish for 
the physically handicapped one, and tells the story in the fewest 
words to those of vou unfamiliar with our work with cripples; 
namely, “ What we want to do is to get the crippled child back into 
the community, so trained that he can compete not as a handi- 
capped person, but if you please, as a person who will have no fear 
and ask no favor; a person who will be able to earn his way both 
intellectually and materially with just as little allowance made for 
his particular handicap as possible. That is the star to which we 
shall hitch our wagon.”’ This is indeed a bright star, but not one so 
high that it cannot be reached. It is not far above the heads of 
those handicapped ones who are presented with the facilities for 
medical care, education, training and placement in work. Our part 
as doctors and workers in the field is to create, and help to stimulate 
the creation of, these facilities. Through the state and private 
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agencies, and the helpful attitude of the general public and legis- 
lative bodies, the physically handicapped ones are now gradually 
everywhere being given a larger helping hand in their struggle to 
compete with the world for a normal social and economic life. Every 
tate and community does not vet have a complete program of 
medical care, academic and vocational education, and placement in 
work for the physically handicapped, but many do, and the facilities 
each vear are being improved in the others so that ultimately our 
national program undoubtedly will be called adequate, or as it has 
heen so aptly expressed, “We may reach our level of aspiration,” 
and then our ideal will be realized. 


WERNER’S SYNDROME: REPORT OF THE FIRST NECROPSY 
AND OF FINDINGS IN A NEW CASE.* 


By B.S. OppeENHEIMER, M.D., 


CONSULTING PHYSICIAN, 
AND 


Vieror H. M.D., 


ADJUNCT PHYSICIAN, MONTEFIORE HOSPITAI 
NEW YORK CITY 


IN 1934 we reported the first 2 American instances®™ of a con- 
lition which we re-named Werner's Syndrome.* Since then we 
have had a necropsy of one of the patients and the opportunity of 
observing an additional case. This is a heredofamilial disorder® 

iracterized by canities (¢.¢., premature graying of the hair), 
premature baldness, sclero-poikiloderma, precocious cataracts, 
ndocrine stigmatization and a characteristic physical habitus. 
Che individuals are frequently short in stature, gracile in build, 

th some features of juvenilism which suggest retarded or arrested 
development, and others, such as the canities and vascular changes, 
ich indicate a premature senescence. Hypogonadism occurs in 
oth males and females. Two of our patients presented blue 
ere Osteoporosis Was present in the 3 cases. Metastatic calci- 
cation including calcification of the vessels was prominent. In 
the previous publication we could offer no satisfactory explanation 
the etiology or of the pathogenesis of the bizarre syndrome. 
here seemed to be a pluriglandular disturbance; the preponderant 
volvement of ectodermal structure and the disturbance of calcium 
etabolism pointed chiefly to the participation of the parathyroid 
gland. Subsequent observations, both clinical and laboratory, have 
tended to confirm the original suspicion that it was the parathyroid 
mong the ductless glands that was especially implicated. 

The following case histories present the clinical and laboratory 

Read at the Fifty-sixth Annual Meeting of The Association of American Physi- 
t Atlantic City, N. J., May 7, 1941 
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data on these 3 patients suffering from this svndrome; in the first 
2 only the histories subsequent to the previous reports will be 
given including the report of the first hecropsy on any case of 
Werner's syndrome. In addition, the history of a third patient still 
under observation is reported in full. 


Fic. 1.—Case 1. Werner's syndrome. 


Case 1 (Fig. 1).—D. G. Subse quent History. Since the previous publi- 
cation®™ he has been continuously hospitalized. The outstanding feature 


4 
— 
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progression of the scleroderma with ulcerations, infections and 
gangrene of the lower extremities (Fig. 2) to such an extent that 
umputation of the right leg below the knee joint had to be performed 
1938, and of the left leg on June 13, 1939. 
iCKs ileeration over the left 
ha } 


Su 


He has had repeated 
process. Since February, 
ffered from recurrent attacks of keratitis which have resisted 
At the time of writing, the whole right cornea presents 
Opaque appearance, 
geminal neuralgia. 


a 
He has also suffered from recurrent attacks 
Since 1940 he has been presenting cardiovascular 
, occasional precordial pain relieved by nitroglycerin, blow- 
¢ murmurs over the precordium, pulsus alternans, elevation of 
| pressure to 168 90, and electrocardiographic changes 


showed narrowing and tortuosity of the vessels. 


Fundus 


Scleroderma and ulcers in Werner’s syndrome 


Data. The Hamilton test did not show any increased para- 


The urine and blood counts have not changed materially since 

is report. Repeated glucose tolerance tests showed a flat curve. 
cium has ranged from 9.5 to 11.0 mg. per 100 ee., and phosphorus 
m 2.5 to 4.2 mg. per 100 ce. Phosphatase was 7 Bodansky units. The 
combining power was 62.5 vol. ©. 


The serum albumin was 
e serum globulin 2.6°;. 


i ray of the right wrist on September 19, 1938, showed extensive 
of the lower articular surfaces of the radius and ulna. Several 
nes in this region showed an irregularity in contour with evidence 
ttled decalcification. The vessels and the soft tissues showed very 
extensive calcific deposits. Teleoroentgenogram showed some cardiac 

largement, and calcific deposits in the arch of the aorta. The electro- 
cardiogram showed flat 7 waves in Leads 1 and 2, and inversion of the 
I’ waves in Lead 3 (no digitalis) 


(0) 
| 
| 
| 
| 7, 
| 
2.—Case 1 
} 
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Case 2 (Fig. 3). A. G. Subseque nt history including necropsy report 
Since the previous note on this patient in 1934, he has had three admissions 
to Montefiore Hospital. The first was for recurrent ulcers and gangrenous 
cellulitis of the left foot (Fig. 4): at this admission the liver was found 


Fic. 3.—Case 2. Werner's syndrome. 


enlarged to four fingers’ breadth below the free costal margin. The second 
admission was for ulcerations and cellulitis of the right foot. and an ampu- 
tation of the big toe and head of the first metatarsal bone had to be per- 
formed. The third and final admission on March 11, 1939. was for recurrent 
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ilcers of the right foot and progressive weakness. The latter was found 
to be due to an apparently primary tumor of the liver with ascites, secondary 
inemia and splenomegaly. In addition to the previous findings, peripheral 


I 2. Scleroderma and ulcers in Werner's syndrome. 


Fic. 5.— Case 2. Larynx. 


ilsations could not be felt in the arteries distal to the axillary and femoral 
irteries, an enlargement of the heart appeared, limitation of the range of 
motion of the left elbow and both wrists were noted. The telangiectases over 


| 
at 
| 
ay, 
4 | 
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both knees were more prominent, and appeared on the scrotum. The 
voice was high-pitched. Laryngoseopy performed by Dr. Rudolph Kramer 
presented a bizarre picture with dilated vessels on the vocal cords in the 
midst of a congested mucosa (Fig. 5). 

Laboratory Data. The Hamilton test was positive for excess of circulatory 
parathormone (Baumann and Sprinson). The blood calcium was 11.9 mg. 
per 100 ee., 13.0, 11.1, 10.7, 12.7, 12.0 and 13.1. The blood phosphorus 
was 2.5 mg. per 100 ec., 3.7, 3.9, 3.0, 3.8, 2.7. The blood phosphatase was 
+ and 8 Bodansky units. The blood urea was 14.8 mg. per 100 ce., 17.8, 
12.3 with a pre-agonal rise to 22.7. The total blood protein was 6.9 mg. per 
100 ce. (serum albumin, 3.0; globulin 3.9); urie acid, 3.5 mg. per 100 cc.; 
cholesterol, 244 mg. per ce. Blood count showed secondary anemia 
Basal metabolic rate was —6°; and —8°;. The electrocardiogram showed 
left axis deviation and an abnormal A—V conduction time to 0.24 second. 

Roentgen Ray Examination. Skull: sella turcica smaller than normal, 
but no destruction, slight hyperostosis of the frontal region. Abnormal cal- 
cification was found in the following locations: the large and small vessels 
of the arms and hands, a large plaque about the elbow, in the vessels of the 
entire lower extremities, in the soft tissues around the knees and feet, 
in the abdominal aorta and some of its branches, and in the pelvic arteries 
This calcification afforded an exceptional visualization of the involved 
vessels. Productive arthritic changes were demonstrated by Roentgen ray 
in the bones of the hands, the feet and the dorsolumbar spine. 

Death occurred from a terminal pneumonia on September 6, 1939. 

jutopsy (14 hours postmortem by Dr. D. G. Freiman). The body is 
fairly well developed and well nourished; it appears much older than the 
given age. Scalp is bald except for a narrow gray tonsure. Skin of face is 
smooth, beard very light. Cornez are cloudy. There Is a coloboma in the 
right eye and the pupil of the left eve is moderately contracted and slightly 
irregular. Gums are edentulous. There is no palpable adenopathy. Pubic 
hair is scanty. External genitalia are hypoplastic, penis and testes being 
very small. There is slight pitting edema over the lower legs and feet 
Soth feet show some scaling of the skin and there are several very shallow 
pink or yellowish-pink ulcers; one located over the left internal malleolus 
and several over the bony prominences on the soles of the feet. The right 
great toe has been amputated. The left 5th toe is missing. There is con- 
siderable hallux valgus. Telangiectases are present over both knees. Both 
patella and in a few spots the upper end of the tibia are somewhat rough- 
ened. The knees are prominent. There is a moderately heavy panniculus 
Abdominal cavity contains about 2 liters of slightly blood-tinged fluid. 
Liver and spleen extend below the costal margin. Both pleural cavities 
contain about 1 liter of straw-colored fluid. Pleural surfaces are smooth 
and show no adhesions. ‘ 

Larynx. Mucosa is pale. The true vocal cords, particularly the left, 
show areas of red discoloration which appear to be submucous hemor- 
rhages. Thyroid (weight, 12 gm.) is quite small and firm, cuts with some 
resistance, revealing a reddish-pink parenchyma containing a little colloid. 
There are several small adenomas less than 1 em. in diameter. Parathy- 
roids: Only two found. These are slightly larger than average and one 
shows a few dark areas of discoloration. 

Lungs. On section, the lungs are pink and slightly rubbery. From 
some areas a small amount of pale frothy fluid can be expressed. There 
are no areas of consolidation. Intrapulmonary vessels and bronchi are not 
unusual. Hilar nodes are numerous and some are large, soft and edematous. 
Nodes also extend along the great vessels and along the trachea and bronchi. 
On section, many of the nodes contain anthracotic pigment and scattered 
gray areas. A few are hemorrhagic. 
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Heart. Weighs350gm. Pericardial sac is thin-walled and smooth: it con- 
1ins about 50 ce. of straw-colored fluid. Heart is hypertrophied and slightly 


bv: the left side is prominent. On opening the chambers no thrombi 
ire found. The left ventricle is dilated. There is considerable 


ibendocardial fibrosis over the posterior and septal walls of the left 
ntricle. There are some small hemorrhages in the myocardium. Chord 


ndinew are fairly prominent in right ventricle and somewhat flattened in 


left. Posterior mitral valve flap has a markedly rolled edge. Aortic 


lve sl s considerable atherosclerosis with calcification. There is a slight 


dency to fusion in the region of the commissures. Coronary ostia are 


vatent There is considerable atherosclerosis with calcification in the larger 


hes of the coronary vessels, but no occlusion can be found. 
lort Chere is atherosclerosis in the region of the sinuses of Valsalva 


d around the coronary orifices. Remainder of the ascending arch of the 


per descending aorta shows only seattered evidence of atherosclerosis. 


the e! descending aorta atherosclerosis becomes prominent with 
ible calcification, and the external iliacs are rigid tubes, showing 
ke sclerosis of Ménekeberg. Orifices of main visceral branches of 

rta also show considerable calcification but the main renal arteries are 
tively free from atherosclerosis 


Live Weighs 2100 gm. The entire left lobe is replaced by a mass of 


issue; and another similar mass 4 em. in diameter is seen in the 
t lobe. Vena cava, portal vein and hepatic ducts run into the liver 
pletely unobstructed, even in the region replaced by tumor. Call 
dder is normal. 
a Of average size and shape and deeply buried in dense fascia 


d adipose tissue 


S ple Weighs 1050 gm The capsule is smooth except lor a lew very 
ireas of roughening. On section, cut surface is shiny and purplish 

i ogeneous appearance Architecture cannot be distinguished. 

t for amyloid is negative. Splenic artery shows in places considerable 
erosis of the Ménckeberg type. Celiac axis and some of the other 
lominal vessels are similarly involved, all showing marked calcification. 
Suprarenals: Together weigh 23 gm. They are moderately firm. Cortex 
pears normal and contains a moderate amount of lipoid. Medulla is 


ddish-gray and prominent. 


Gast ntestinal Tract: Shows nothing unusual. 


K ( Weigh 220 (right) and 225 (left) gm. Both are large. Capsules 
firmly adherent to the perirenal fascia and fat. Capsule of right kidney 
th ease, revealing a slightly granular surface which has a pale- 


nk color. The right kidney’s cut surface stands up slightly from the cut 


tr 


e. Cortex and medulla are not well demarcated. Larger vessels in 
lney substance show considerable sclerosis with calcification. Left 
Capsule also strips with ease but is much smoother and more 
ish than the right. Corticomedullary junction is much more distinet 
right kidney. Cut surface tends to remain on a level with cut edge 
irger vessels also contain calcium. Prostate: Very small and fairly 
Seminal vesicles not unusual. Testes: Small, together weighing 
gm. with the epididymes. They are soft, have a wrinkled tunica and on 
tion are tan. Tubules string easily. Epididymes, on section, reveal 
ie pigmentation. 
Bone 1). Marrow of lumbar vertebre is red and appears normally 
ibeculated. 2. Incision made into right knee joint. Patella is somewhat 
ughened and there is a moderate amount of mucoid fluid in the cavity 


f the knee joint. 3. The periosteum over lower portion of femur is heavy 
nd fibrous. Section of this portion of bone reveals a very thin cortex with 


extensive spongy marrow, having a rather pale pink color, 


E 
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Brain: Weighs 1250 gm. Scalp, calvarium and dura are normal. There 
is no congestion or thickening of the meninges. Vessels at base of brain are 
not sclerotic. 

Spinal Cord: No abnormalities noted. 

Microscopic Examination: Heart. Both ventricles show hypertrophy 

muscle fibers with scattered areas of replacement fibrosis. In the pos- 
terior wall of the left ventricle there are a few areas of more recent infarction. 

Lungs: Both lungs show emphysema and partial atelectasis. Many 
alveoli contain mononuclears and macrophages 

Liver: Portion of tumor is composed of branching cords and clumps of 
polygonal cells with round or oval hyperchromatic nuclei containing one 
or more nuclei. Between the cords there are strands of areolar tissue con- 
taining round cells and connective tissue cells, This portion of the tumor 
closely resembles liver tissue. There are also large areas of necrosis. Sur- 
rounding liver shows cloudy swelling. Portal areas shows round cell in- 
filtration and there seems to be some proliferation of bile ducts 

Spleen: Marked fibrosis (Banti type) with considerable diminution in 
pulp and very small atrophic follicles and trabeculze 

Pancreas: Extensive autolysis of acinar tissue. Some of the islets are 
fairly large and irregular. 

Kidneys: Increase in interstitial connective tissue to the point of actual 
scarring in areas, Glomeruli are anemic, some are hyalinized and show 
‘ing-like fibrosis around Bowman's capsule. There is broadening and 
hyalinization of walls of glomerular capillaries. Some of the tubules are 
dilated and contain hyaline casts, some contain calcium deposits. Arteriolar 
narrowing is seen. A moderate sized vessel shows intimal thickening. 

idrenal: Capsule uniformly thickened. Cortex is wide and moderately 
rich in lipoid. Glomerular zone is active and well preserved, and there are 
numerous small circumscribed adenoma-like areas, for the most part 
composed of cells similar to those of the glomerular zone. Fascicular zone 
is fairly rich in lipoid, well preserved, and many of the cells contain brownish 
pigment which is still more marked in the reticular zone. In addition there 
are several areas where these cells appear swollen, acidophilic and the 
nuclei are much enlarged and the stroma irregular. The medulla is well 
preserved, stains moderately with chrome salts and shows an occasional ill- 
defined focus of lymphocytes. 

Thyroid. Multiple encapsulated colloid adenomata with some increase 
of stroma in the non-edematous areas. These adenomata are composed of 
very large and very small follicles most of which are distended with a 
rather homogeneous colloid. 

Testis: Complete atrophy. Tubules small, thick walled, and for most 
part lined with a single layer of columnar epithelium. A few tubules con- 
tain distorted spermatogonia, but no spermatids. Interstitial cells are 
possibly relatively decreased, for despite the enormous atrophy of the 
tubules, there is no increase in the number per field. The individual cells, 
however, are intact, and many of them slightly pigmented. Epididymis 
appears normal, except that the tubules are free from sperm. 

Prostate: Histologically, the acini are somewhat smaller than normal, 
many showing extensive desquamation of epithelial cells and round-cell 
infiltration in the submucosa. Fibromuscular stroma relatively increased. 

Seminal Vesicles: Small. Glandular acini well preserved. Musculature 
relatively thickened. 

Parathyroid: _Markedly congested. No large clumps, but several 
scattered individual oxyphil cells are seen. For the most part the columns 
of cells are large, with pinkish staining cytoplasm, so-called dark chiet 
cells, but in other areas there is an increase in the cells whose cytoplasm is 
large, water clear and vacuolated, indicating increased activits 
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Within normal limits. Normal eosinophil, basophil and 


generated structure with scattered psammoma bodies 
Endocrine Changes:* The testes, seminal vesicles and pros- 


re small. The aspermatogenesis and atrophy of the testes are 


\ 


lhe adrenals are large with multiple cortical adenomata; the 
e is active (whereas the glomerular zone in older people is 


fined The thyroid must have passed through cycles of 
decreased activity to account for the multiple adenomata. 
showed no abnormality. Parathyroids showed increased 


Marked calcification of the media (Ménckeberg sclero- 
thickening is also present. 

artery shows marked ring-like calcification in the media, 

nternal elastic lamina. The epithelium shows some hyper- 


\bdomen: Corium not dense. The corium appears of normal 
| the bundles of collagen fibrils loosely arranged stain a pale 
Sweat glands appear normal in number and distribution. 
is everywhere thinner than normal and covered with a thin 
nized cells. The papille are flattened out, greatly reduced in 
depth. There is no, or very slight, pigmentation of the 


ee: In addition to the foregoing there is dense round-cell and 
filtration in areas. Neutrophils are also seen in these areas. 
ind lymph channels are numerous (telangiectasia). 
stract of postmortem report of Dr. Charles Davison. The 
examination of the brain showed it to be markedly anemic 
t the base were empty and normal. The microscopic examina- 
very little change except a loss of pigment granules in some 
ilamic nerve cells. In some regions the lateral hypothalamic 
ved loss of chromatin material. The blood vessels showed 
anges. Sections of the medulla oblongata and spinal cord 
ormality 
Diagnosis. Werner's syndrome (clinical); diabetes mellitus 
dial arteriosclerosis (M6énckeberg type) of visceral and 
teries; calcification of mitral and aortic valves; atherosclerosis 
rteries; infarct, healed and-recent, posterior wall of left ventricle 
septum; cardiac hypertrophy; dilatation of left ventricle; 
bilateral); primary carcinoma of liver; splenomegaly (Banti 
status after abdominal paracentesis; ulcers of feet; status 
on of large toe (right) and small toe (left); status after 
ction, bilateral; status after iridectomy, right; hyperactivity 
glands; osteoporosis, generalized; metastatic calcification, 
skin, kidneys and vessels; atrophy of testes; scleroderma. 
ig. 6), H. T. A Hungarian who had lived in New York for 
first admitted to this Hospital on August 6, 1938. He was 


age, having been born on March 10, 1900. 


tory. His parents, Hungarians, were first cousins. Father 
ge of 35 of tumor of the neck. His mother is alive and well. 
died in infaney, cause unknown. No sisters. His father’s 


ghter he parents who are first cousins; she has very small 


He has one son 8} years old, who is well. 
is born in Hungary in a district not far removed from the 
Patients 1 and 2, but not related as far as could be ascertained. 


istologiec examination of the endocrine organs we are especially in- 


Davi d Marine. 


3 (1 
or 
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Personal History. He is Jewish and had been a bookkeeper and cashier. 
He had had 7 admissions to other New York hospitals. He was well until 
1926, although he had always had small extremities and the skin was 


Fic. 6.—Case 3. Werner's syndrome. Amputation of arm not for Werner's syndrome 
but for fibrosarcoma. 


always tight especially over his hands and feet. In 1926 he suffered an 
injury to his left heel causing considerable pain and disability. An operation 
was performed resulting in a foot drop. He developed various cracks in 
the skin of the foot which took a long time to heal. By 1927 he had ulcers 


“ 
~ J 
‘ 
\ 
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of the left foot with shortening of the Achilles tendon. In July, 1937, he 
had an ulcer of the right heel. The toes of his feet gradually became 
mmovable, and the skin became hard, dry and shiny. In September, 1936, 


he had to have two phalanges of his left fourth finger amputated after 

iving caught the finger in a door. In 1938 an advanced sclerosis of the 
blood vessels of the upper and lower extremities was noticed; also a moderate 
demineralization of the entire osseous system. He also had graying of the 


beginning in 1918, loss of hair in 1923, loosening of the teeth beginning 
s, cataracts appearing in 1931, requiring a left iridectomy in 1932 
ind a right iridectomy in 1937. 
In 1937 he first noticed a swelling of his left forearm, which on Roentgen 


rav revealed an erosion of the radius. This mass, removed in 1938, was 


liagnosed histologically as a fibrosarcoma. 
Phy Examination. He was undersized. Although actually 38 years 
ize, he was generally taken for 55. His height was 157 em. and his weight 
2 kg. He was gray and partly bald. His teeth were carious, many were 
roken or missing. Extremities were gracile, the torso large. His eyes 
ere prominent and staring, the scler# were blue. Bilateral postoperative 
loboma the iris, aphakia of the left eye, and cataract of the right lens 
re found. Voice was high-pitched. There were prominent veins over 
thorax and extremities, severe ulcerations and pigmentation of both 
t (;yvnecomastia Was present to a mild degree The hair over the 
lomen and chest was sparse. The genitalia were small. The distribution 
the pubic hair was feminine in type. Both testes were small; the left 
pecially s The lungs were clear. The heart was not enlarged; there 


a systolic murmur over the aortic area. Blood pressure was 180/108. 
Abdominal examination disclosed no enlargement of any of the viscera. 
Prostate is very small and smooth, and felt about one-third normal 

No lymphadenopathy except for two small nodes in the right axilla. 

Extremities were small and slender. The skin was drawn tightly over the 
I ind wrists, and presented many areas of pigmentation, discoloration 
nd dry seales. There were a few telangiectases of the skin over the knees 

face, a foul-smelling necrotic mass overlying the left radius, pressure 

yphy over the right elbow, a crusted ulcer over the right malleolus. 

e skin of the toes was dry, hard and so taut that the toes could not be 

\o pulsation of the dorsalis pedis or posterior tibial arteries could 

felt Che left ankle was fixed in extension, the knee could not be fully 
nded, the right ankle had slight power and movement. Circumference 

eft leg was smaller than the right. The arteries of the extremities felt 
ero Scleroderma and sclerodactylia were present. 

Veurologic Examination. There were no cranial nerve changes. All 
) reflexes were exaggerated. Spontaneous ankle clonus on the right side 
sustained. Marked plantar hyperesthesia, bilaterally, but no hyperes- 

sia of the calves. The plantar reflexes were normal. Abdominal and 

isteric reflexes were equal and active. 

Laboratory Data. The electrocardiogram showed only a left axis devi- 
sasal metabolic rate was —8°; and —5°%. Urine: acid, 1020, many 
ikocytes, otherwise no abnormality. Blood examination: Hemoglobin 

() red blood cell count 5,950,000; leukocyte count 5,750 (neutro- 
ils, 65°7, lymphocytes, 35°7). Blood urea nitrogen 12 mg. per 100 cec.; 

iwar 87, cholesterol 167, cholesterol esters 111. Glucose tolerance test: 

isting 87 mg. per 100 cc., after } hour, 141; 1 hour, 154; 2 hours, 72: 
hours, 80; 4 hours, 85. Blood Wassermann and Kahn tests negative. 
sitive Hamilton test for parathormone (Baumann and Sprinson). The 
od serum calcium was 10.3 mg. per 100 ce., serum phosphorus 3.9 mg. 

per 100 cc. The phosphatase was 6 Bodansky units per 100 ec. (Dr. M. 

Sandberg). The CO, combining power was 60.6 vol. ©. Roentgen ray 
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examination revealed a generalized osteoporosis; calcification of the blood 
vessels; a normal sella turcica. On February 20, 1940, analysis of the skin 
dissected from the areolar tissue revealed: water 54.47, calcium 9.7 mg. per 
100 ec. wet, 21.3 mg. per 100 ee. dry (Dr. E. J. Baumann 

Course. The cataract of the right eve was removed by Dr. Agatston! on 
October 10, 1938. The fundus was normal with the exception of senile 
arteriolosclerosis with slight hypertensive changes. The patient also 
received very intensive Roentgen ray treatment to the tumor of the left 
forearm; but finally a flap amputation through the upper third of the left 
arm had to be performed. The stump healed well. He was placed on 
dihydro-tachysterol for the scleroderma, with subjective improvement 
Nevertheless at the time of his discharge from hospital, and’even as late as 
May, 1941, he was unable to stand or walk without crutches because of the 
scleroderma and deformity of his lower extremities (Fig. 6 


TABLE 1 TABULATED FINDINGS IN 3 PATIENTS 
D.G ige 4S years \. G., died 42 years H. T we 41 years 
Premature graying and Premature graying and Premature graying and 
baldness 12) baldness Ss baldness 1S 
Scleroderma (2S Scleroderma (34 Scleroderma (26 
Precocious cataracts +6) Precocious cataracts (29 Precocious ituracts ye 
Characteristic habitus Characteristic habitus Characteristic habitus 
Hypogonadism Hypogonadism Hypogonadisn 
Trophic ulcers, legs Trophic ulcers, legs Prophi 
N rm il bal Blue lera BI ler t 
Me tastatic calcificatior Metastatic calcification Metast iti 
(steoporosis Osteoporosis Osteoporos 
Calcification of vessels Calcification of vessels Calcification of vessels 
Hypoglycemic tendency Diabetes mellitus Borderline hypoglycemia 
No neoplasm Primary cancer of liver Fibrosarcoma of radius 
Normal calcium balance Negative calcium balance Blood calcium normal 
Hamilton test: normal Hamilton test: positive Hamilton test: positive 
* These figures indicate the age of onset of the respective signs and symptoms 


The outstanding features of our 3 cases are summarized in 
Table 1. The prominent clinical symptoms are referable to struc- 
tures ectodermal in origin. The canities appears generally in the 
second decade of life, premature loss of hair somewhat later, the 
sclero-poikiloderma in the third decade, and the bilateral juvenile 
cataract rather early in the fourth decade. Heredity and = con- 
sanguinity play an important réle, suggesting that the ectodermal 
abnormalities represent an abiotrophy. It is of interest that two 
unusual types of primary malignant tumors have occurred in 2 out 
of our 3 cases, and in both instances at a relatively early age. 

The cases clinically presented endocrine stigmatization in which 
we were particularly interested. Attention has already been called 
to the participation of the gonads. In the male, hypogenitalism, 
delaved puberty, failure of full development of the secondary sexual 
characters, occasional gynecomastia, large broad pelvis and eunu- 
choid appearance have been noted. In the reported female cases, 
there is evidence of ovarian insufficiency in delayed puberty, infre- 
quent or scanty menstruation, or irregular menstruation, with subse- 
quent premature amenorrhea occurring as early as the sixteenth 
vear. Increased urinary excretion of folliculin has been reported by 


4 
( 


OPPENHEIMER, KUGEL! WERNER’S SYNDROMI O41 


\Marchionini and Lux. In the latter case attention was called to 
the transient hy pofunction of the islet tissue of the pancreas in that 


lucose tolerance test occasionally revealed a diabetic type of 
Of our patients, Case 2 was a frank diabetic, Case 1 had a 


pog! Cell 


( 


tendency, and Case 3 also presented a borderline 
poglvcemia. Disturbances of the thyroid gland, such as goiter, 
frank Graves’ disease, or merely Basedowian symptoms, have 
been repeatedly described in the patients themselves or in members 
In 2 of our 3 cases the eves were prominent, but the 

olic rates were rather 


their 


isal metal subnormal; the postmortem 
caminatior 


eX of one thyroid gland revealed multiple adenomata. 
| 


I] necropsy also showed adrenal cortical adenomata, with evi- 
lence of activity of the glomerular zone. 


Careful examination of the 
tultarv did not reveal any histologic abnormalities. 

[In the original communication attention was called to the partici- 
tion of the parathy roid gland. 


11 
elded 


Subsequent observations have 
evidence for this view. The following findings are 
iggestive of hyperparathyroid effects in Werner's syndrome: 

1 ed and localized osteoporosis. 
Vletast 


anced 


atic calcification as indicated in: a, the arterial tree; 
and extensive Monckeberg’s sclerosis ata relatively early 


phiel oliths; ¢, caleifie deposits in the soft tissues ligaments 


lransient, recurrent hypercalcemia. 
t. Abnormal negative calcium balance in at least | case. 
Increased circulating parathormone (by the Hamilton test) in 
Moreover, observations on the relationship of scleroderma to 
perparathyroidism, to which we have previously referred, have 
| 


wen extended by the clinical and experimental investi- 
lve,’ and of Leriche and Jung.‘ 


tions of Sel 


The validity of the test of Hamilton and Schwartz’ for para- 


ome positive in 2 of our 3 cases, has been confirmed by 
mann and Sprinson. 
Treatment. Removal of the fully developed cataracts has suc- 


fully restored vision. Amputation of both legs has been neces- 


Dihvdrotachysterol (A.T.10) gave subjective 
Other than those measures, treatment, as in so many 
er heredofamilial disorders, was unsatisfactory. 
Summary. |. Werner's syndrome may be defined as a rare her- 
lofamilial disorder with sclero-poikiloderma, bilateral juvenile 
taract, canities, larvngeal changes, endocrine stigmatization of a 
iriglandular type and constitutional inferiority. 
Three cases of Werner's syndrome including the first reported 
ecropsy are reviewed. 


The 


in one instance. 


provement 


clinical evidence of endocrine stigmatization Was con- 
firmed by the following post-mortem findings: atrophy of the testes 
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and prostate gland, adenomata of the thyroid and adrenal, and 
evidence of hyperactivity of the parathyroid. The pituitary gland 
showed no abnormalities. 

t. The clinical evidences of parathyroid hyper-activity are enu- 
merated, and their significance briefly discussed. 
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THE HAMILTON-SCHWARTZ TEST AND HYPERPARA - 
THYROIDISM IN VARIOUS DISEASES. 


By Nanvum J. Winer, M.D.. 


FELLOW IN MEDICINE, 
NEW YORK CITY 


From the Medical Service of Dr. Leopold Lichtwitz, Montefiore Hospital for Chroni 
Diseases 

In 1932, Hamilton and Schwartz reported a method for deter- 
mining small amounts of parathyroid hormone in blood or extracts 
by producing a characteristic blood calcium curve in rabbits follow- 
ing oral administration of calcium chloride. In 1936, with the use 
of this method, Hamilton and Highman! established the parathyroid 
hormone level in 38 normal individuals and concluded that a mini- 
mum rise of 0.3 millimols (1.2 mg. per 100 cc.) of calcium per liter 
or higher was indicative of excessive amounts of hormone. 

The method was then applied to various disorders where hyper- 
parathyroidism was suspected. In the study of rickets, first, experi- 
mentally, Hamilton and Schwartz found that of 12 rachitie ani- 
mals, 9 gave positive tests indicating excessive amounts of hormone; 
then, clinically, Highman and Hamilton* and Kajdi and Shelling! 
each reported a rachitic patient positive. Several studies were 
made in kidney disease. Shelling and Remsen'* reported a positive 
test in a case of renal rickets which, at autopsy, revealed enlarged 
parathyroid glands. Bass and Pakter® reported a questionably posi- 
tive and a negative test in a case of polycystic kidney with bone 
changes. Highman and Hamilton™ reported positive tests in 20 
of 25 cases of chronic nephritis, while Gilligan, Volk and Gargill 
found but 1 of 15 such cases positive, even though 4 of those with 
negative results had enlarged parathyroid glands at autopsy. In 
other diseases Kajdi and Shelling" reported a case of osteitis fibrosa 
cystica positive and 1 of xanthomatosis and 1 of Paget's disease 
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negative. Gilligan, Volk and Gargill,4 on the other hand, found 3 
of S cases of Paget’s disease positive. The latter authors also re- 
ported 7 of IS cases of thyrotoxicosis positive, 2 of the positive 
patients turning negative after iodine therapy. Studying the state 
of the parathyroid gland in pregnancy, Hamilton, DaSef, Highman 
and Schwartz’ found the hormone level excessive, especially between 
the 15th and 35th week. This corresponds with the changes in the 
histology of the gland.9'°-"67— Finally, a closer correlation be- 

veen the parathyroid gland and the Hamilton-Schwartz (H-S) 
test was recently established experimentally by Baumann and 
prinsol With varving degrees of parathyroid enlargement (feed- 
ng rabbits a high phosphorus diet over a prolonged period) there was 

se correspondence between the H-S test and the degree of hyper- 


plasia observed histologically. Positive tests were obtained in 
hese animals for as long as 25 vears. They further noted® that 


e use of a proper strain of animal is essential for the success of the 
test since the Dutch, Belgian and hybrids of these two varieties 
are less resistant than the New Zealand whites and chinchillas. 

PuRPOsE oF Srupy. We have made an attempt to detect exces- 

e amounts of parathy roid hormone by means of the H-S test in 

irious clinical disorders in which increased parathyroid activity 
vas suspected, especially where not reflected by abnormality in the 
blood calcium and phosphorus levels. Further, wherever possible, 
e parathyroid gland was studied histologically for correlation 
between changes in structure and the H-S test. 


Method. The test was made according to the modified method of 


Hamilton and Highman 100 mg. of caleium as calcium chloride in 10 ce. 
ter given to a properly controlled rabbit (see below) by stomach 
e at the beginning of the test and again at 1,3 and 5 hours. Thirty cubic 
time if blood was drawn from the patient and 15 cc. injected imme- 
itely into each thigh muscle of the animal. Blood was drawn from the 


il at the beginning of the test and 7 to 15 minutes after the last two 
nistrations of calcium chloride. Excessive parathyroid hormone was 


licated by a minimum rise of blood calcium of 0.3 millimols per liter after 
er the 3d or 4th administration of calcium chloride, usually somewhat 

tained at the end of 3 to 5 hours. The rabbits used were of the Dutch 
selgian strains and at least 5 months old. They were fed on an alfalfa 


its diet with a Ca:P ratio of at least 1:1. A control test was carried 
he animal 4 to 5 days before studying a patient by following the 


d caleium curve with the administration of calcium chloride alone 
taining a negative result. Rarely, the animal was controlled by admin- 
tering 20 units. parathormone and obtaining a positive result with caleium 


Results (‘able 1). Because of the unique character of many of 
he cases studied, it is believed best to present the results in reference 
to the particular case. 

Group 1. HyperPARATHYROIDISM. Case had had a parathy- 
roid adenoma, 3 cm. in diameter, removed 6 months before the test. 
\t the time of the H-S test, there was still extensive osteoporosis 
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with cystic formation though some improvement in bone density was 
noted since operation. Though the blood Ca—P levels were normal 
(Ca 9.6 mg. per 100 cc.; P 2.4 mg. per 100 ec.; phosphatase 27.9 Bu*), 
the H-S test was markedly positive. Microscopically, the gland 
was composed largely of the “water-clear” cell type and a clump 
of suggestively malignant cells were noted in the lumen of a vessel. 
A follow-up note from the Presbyterian Hospital revealed that 
recently, following the recurrence of signs and symptoms, a second 
operation revealed two nodules of parathyroid-like tissue. This was 
diagnosed as a carcinoma of the parathyroid gland. 


raBLE 1 RESULTS OF THE HAMILTON-ScHWARTZ TEST IN VaAaRioUsS DISEASES 

With EXAMINATION OF THE PaRAaTHYROID GLAND IN Some 
H-S ti 1} 
Ne 

Disease is Pos Neg Act Rest 
Hyperparathyroidism 0 » 0 
Werner's syndrome 2 l 0 
Paget's disease 5 0 
Chronic renal disease s 4 0 
Sclerodermat 2 0 
Osteitis fibrosa disseminata l 0) l lt 0 
Cushing's syndrome 0 0 0 
Multiple myeloma l 0 1? 0 
Edema with hypocalcemia l 0 l 13 0 
Renal caleuli l l 0 0 
Hypogonadism l 0 l 0 0 
Osteogenesis imperfecta l l 0 


(‘ase 2, roentgenographically, revealed diffuse resorption of bone 
calcium without cystic formation. The blood P was persistently 
low (1.8 mg. per 100 cc.) while the Ca was normal (10.8 mg. per 
100 ce.). Phosphatase was 7 Bu. The H-S test was positive 
\n exploratory operation revealed no parathyroid adenoma though 
a gland removed showed scattered areas of “ water-clear’’ cells, 
microscopically, indicative of hyperactivity. 

Group 2. PLURIGLANDULAR SYNDROME. Cases /, 2 and 3 T. 
being reported elsewhere) represent a rare clinical entity —that of 
Werner's syndrome. ‘Two of these cases, brothers, A. G., and D. G., 
have previously been reported by Oppenheimer and Kugel. The 
syndrome is briefly characterized by them as a “ rare heredofamilial 
disorder with sclerodermatous or poikilodermatous skin changes, 
bilateral juvenile cataract, canities, laryngeal changes, endocrine 
stigmatization of a pluriglandular type and evidence of constitu- 
tional physical inferiority.’’ Metabolic studies had revealed a nega- 
tive calcium balance in 1 of the patients (A. G.) suggesting increased 
parathyroid activity. In the present study, at the time of the 
H-S test, A. G. had a blood Ca of 12 mg. per 100 ce. and P of 
Bodansky units. 


t See text for discussion of parathyroid gland biopsy 
t Activity not striking though present 


i 
‘ 
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mg. per LOO ce. The phosphatase was 8 Bu. The test was 
This patient subsequently came to autopsy (being re- 
ngth elsewhere) with a terminal blood Ca level of 13.1 mg. 

The parathyroid gland, though not particularly enlarged, 
presented areas of “water-clear’’ cells intermingled with areas of 
suggesting repeated phases of activity and remissions in the 
past.” The other of the two brothers, D. G., had normal blood 
phosphatase levels and a negative test. This patient had 
reviously had a normal calcium balance.” The 3d case, H. T., 


DOSITIVE 
ported at le 
per LOO ce 


fibro | 


m.mols/. Mg. per 100 cc. 
A.G, 
o- 
X= 0.6. 


4.0- 


6. 


12. 
4 Hours 


Hamilton-Schwartz test in 3 cases of Werner's syndrome. The chart 


nore than 1.2 mg. per 100 ce 


caleium in the rabbit blood in 3 hours 
ve the initial level in 5 hours according to the method of Hamilton 
cases of Werner's syndrome 


ad normal blood Ca—~P—phosphatase levels (Ca 10.3 mg. per 100 ce. ; 
3.9 mg. per 100 cc.; phosphatase 6 Bu). The H-S test was 
was one of osteitis fibrosa disseminata in a 12-year-old 
te female previously reported by McCune and Bruch and the 
ndrome discussed at length by Albright, Butler, Hampton and 
mith.'! The case is characterized as one of precocious puberty, 


pigmentation, asymmetrical bone changes with cyst-like forma- 
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tion not too unlike von Recklinghausen’s disease, and elevated basal 
metabolic rate. Despite the suspected increased parathyroid activ- 
itv, repeated blood Ca and P levels were normal (Ca 9.6 mg. per 


100 ce.; P 2.3 mg. per 100 ce.; phosphatase 0.21 Ku (Kay units). 
The H-S test was negative. At autopsy, the parathyroid gland 


showed some evidence of increased activity, though not strikingly 
so. The thyroid gland, on the other hand, was distinctly hyper- 
active. The autopsy is being reported in full elsewhere. 

Case 5 was one of Cushing’s syndrome of 19 vears’ standing with 
severe osteoporosis and collapse ot several vertebrie. There had 
been considerable improvement in the clinical picture with increased 
calcium deposition in the bones during the past 4 vears. At the 
time of the H-S test, the blood Ca—P levels were normal (Ca 
10.5 mg. per 100 ec., P 3.3 mg. per 100 cc.) and the test was negative 
which was in accord with the improved clinical status. 

Case § presented the chief complaints of muscle weakness of long- 
standing and recent anginal seizures and dyspnea. ‘There was 
known testicular atrophy and loss of libido for many Vvears and 
evidence of hypothy roidism indicated by repeated|) low basal 
metabolic rate determinations. The blood Ca—P levels were norma! 
and the H-S test negative which was in accord with the generally 
depressed endocrine state. 

Group 3. PaGcer’s Diskask. Five cases of Paget's disease were 
studied, all characterized by a history of many vears’ duration and 
extensive bone involvement. One case had an associated osteo- 
genic sarcoma. The blood Ca—P levels in all cases were normal, 
nevertheless, the H-S test was definitely positive in 2 and question- 
ably so in a third case. The case with the associated sarcoma 
eventually came to autopsy and showed slight gross enlargement 
with many localized areas of “water-clear”’ cells, microscopically, 
indicating hyperactivity. This case had had a definitely positive 
HI-S test. 

Group 4. Curonic GLOMERULONEPHRITIS. Of 8 cases of chronic 
glomerulonephritis studied, 2, both in uremia, gave borderline posi- 
tive tests. One showed a progressive rise to 1 mg. per 100 ce. with 
the peak in 5 hours, the other, 1.1 mg. per 100 cc. in 8 hours when 
the animal died. In both cases there was inversion of the blood 


Ca-P levels, clinically. At autopsy, | case showed slight enlarge- 
ment of the parathyroid glands and both showed areas of “ water- 
clear”’ cells indicative of hyperactivity. A third case with a normal 


blood Ca-P level had a negative H-S test. However, | vear later, 
at autopsy, one parathyroid gland was enlarged, measuring | cm. 
in diameter, and showed a predominance of the clear chief-cell type 
and areas of “water-clear”’ cells. The only other instance of an 
altered blood Ca—P level and a negative H-S test was a case with 
an initial history of chronic rheumatic heart disease terminating in 
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congestive failure and uremia of short duration. No autopsy was 
obtained 
GROUP 5. SCLERODERMA. ‘T'wo cases of scleroderma were studied 
lew of the questionable réle played by the parathyroid gland 
its pathogenesis. Both cases were long-standing and neither 
howed abnormal blood Ca-P levels. The H-S test in both was 
negative. It is noteworthy, however, that one of these cases had 
ad a parathyvroidectomy as a vain therapeutic measure 2 vears 
fore when there was marked histologic evidence of hyperactivity. 
his patient came to autopsy several months after the H-S test 
following the development of a severe mediastinitis. The thyroid- 
parathyroid region was markedly fibrosed so that no parathyroid 
ue was found. 
Group 6. Arruritis. This group consisted of 3 cases, 2 being 
hat of Still's disease studied because of severe osteoporosis with 
arkedly deforming arthritis. At the time of the H-S test, both 
ises were well in the chronic phase and improving. The blood 
iP levels were normal. The test was negative. The third case 
vas that of a moderate rheumatoid arthritis with slight bone calcium 
resorption associated with rapid growth of questionable endocrine 


rigin and an admission report of slightly elevated blood calcium 
e] \t the time of the H-S test, the blood calcium level was 
ormal while the test was borderline. A repeat. test proved 
evative 

Groupe 7. MiIscELLANEOUS. Multiple My loma. This patient 


esented the characteristic bone changes and Bence-Jones protein- 
The blood Ca-P levels were normal. The H-S test was 


egative \t autopsy, the parathyroid glands suggested some 
tv, though not strikingly so. 
Kdema of Unknown Origin. The essential clinical features were 
irked hypoproteinemia, hypocalcemia and edema for 21 vears 
th sporadic asthmatic (7) seizures and, more recently, cardiac 
ire. In view of the marked depression in blood calcium level, 
vas thought possible to detect increased circulating parathyroid 
ormone due to compensatory increased parathyroid activity. 


llowever, the H-S test was negative. At autopsy, | vear later, the 
rathvroid glands showed suggestive though not striking evidence 
ncreased acti ity 
Posthypercaleemia. This patient had an attack resembling renal 
ie | vear before the H-S test but not confirmed by roentgenogram. 
he blood calcium then was 14.2 mg. per 100 cc. and phosphorus 
7 mg. per 100 cc. Eight months later, the calcium was still 
2 mg. per 100 cc. when sodium citrate therapy was begun. At 
the time of the H-S test the Ca—P level was normal. The test was 
egative 
Recurrent Renal Caleuli.. The H-S test was made to rule out 
perparathy roidism as the possible etiology of recurrent renal 
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calculi in spite of the repeated normal blood Ca—P levels. The test 
Was negative. 

Osteogenesis Imperfecta. This case was that of a child with the 
characteristic bone changes of osteogenesis imperfecta for 7 years 
and a history of numerous fractures. The blood Ca—P levels were 
persistently normal. The H-S test was negative. 

Comment. ‘There are several noteworthy observations from the 
data presented above. First, apart from the 2 cases of chronic 
nephritis, whose altered blood Ca—P levels are attributed essentially 
to underlying renal disease, 6 of the 7 cases with positive H-S tests 
had normal blood levels for both Ca and P, at the time of examina- 
tion. In the 7th case (Case 2, Group 1) only the P level was 
persistently low. The parathyroid glands in 3 of the 6 cases were 
examined histologically and activity confirmed. This appears sig- 
nificant and indicates the considerable aid the H-S test might offer 
in diagnosis particularly where routine blood examination reflects 
no parathyroid gland disturbance. 

Second, the close correlation between the H-S test and the 
histologic appearance of the parathyroid gland appears striking. 
In all 6 cases where the parathyroid glands were examined and the 
H-S test was previously positive, the hyperactivity of the glands 
was confirmed histologically. In the other 4 cases where the para- 
thyroid glands were examined and the H-S test was previously 
negative, the histologic evidence of activity in all but 1 was not 
striking, if any more than suggestive. The exception was the cas 
of chronic nephritis with the parathyroid adenoma and moderately 
active appearance. flowever, the parathyroid glands in this case, 
as those of 1 of the other 3 cases, were examined | vear after the 
test so that proper correlation is difficult. 

In view of the otherwise generally close correlation between the 
HI-S test and the appearance of the parathyroid gland, the probable 
significance of the test in the interpretation of several of the diseases 
studied becomes apparent. First, in Paget's disease, it is note- 
worthy that 2 and possibly 3 of the 5 cases studied had a positive 
H-S test. This is in accord with Gilligan, Volk and Gargill,4 who 
reported 3 of 8 cases positive, particularly significant, since they 
could find but 1 of 15 cases of chronic renal disease positive. This 
suggests the possible réle of the parathyroid gland in the patho- 
genesis of Paget's disease, whether acting alone or in combination 
with other members of the endocrine system. On the other hand, it 
must be noted that 1 of the positive cases in the present series, 
confirmed histologically, had an associated osteogenic sarcoma, 
which, in itself, may produce an actively appearing gland.” Second, 
in Werner’s syndrome, the results of the H-S test are striking—2 
of 5 cases being distinctly positive and 1 confirmed histologically. 
These results, in conjunction with the observation of a negative 
calcium balance and hypercalcemia in the autopsied case previous) 
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made by Oppenheimer and Kugel," lend further support to the réle 
the parathyroid gland in the pathogenesis of the disease. 
Qn the other hand, negative results may also be significant. 


his appears true in the case of osteitis fibrosa disseminata (Group 2, 
Case 4 MeCune and Bruch" in their study of this same case 
everal vears before reported positive calcium balance studies and 
everal negative II-S tests. In the present study, the H-S test was 


again negative and subsequent autopsy revealed the parathyroid 

gland to have some but no striking activity. This would tend to 

exclude the parathyroid gland as a major factor in the pathogenesis 

of the disease, in spite of the resemblance between the bone changes 
ere and those of true von Recklinghausen’s disease. 

\n explanation might be offered for the rare instances of a nega- 

e ILS test where the parathyroid gland was distinctly active, 


tologically, or for the negative test in the 1 case of Werner's 
drome where the other 2 cases were positive. It-is felt that a 
remission phase of parathyroid gland function will produce a nega- 


e result even in the face of apparent hyperactin ity, histologically. 
dence for such alternate phases of activity and remission appears 
present in the histologic appearance of the parathyroid gland of the 
autopsied case of Werner’s svndrome.'” 
Finally, it is thought that some of the discrepancies in results 
therto noted in the literature, such as those reported in chronic 
nal disease by Highman and Hamilton” and Gilligan, Volk and 
(rargiul’ ma perhaps be attributed to differences in control factors. 
Che use of a strain of rabbit that is capable of response, such as the 
Dutch, Belgian and hybrids of the two varieties, in contradistinction 
New Zealand whites and chinchillas, of an age that is at least 


months and fed on a control diet with a Ca—P ratio of at least 1:1, 
ire felt to be prerequisites for the application of the H-S test. 
Further, actual study of the patient should be preceded by control 

the animal as to potential response. These various factors have 
een amply stressed by Baumann and Sprinson.**? 


Summary. An attempt was made to detect excessive amounts 
circulating parathyroid hormone, as a reflection of increased 
rathyroid gland activity, in various diseases by means of the 
lamilton- Schwartz (H-S) test. Histologic examination of- the 
irathyroid gland was made wherever possible in order to establish 
correlation between the test and degree of activity, histologically. 
[t was observed, first, that in practically all instances where the 
i-S test pro ed positive, the blood calcium-phosphorus levels were 
mal; second, that in most instances of histologic evidence of para- 

roid gland activity, the H-S test was previously positive. Con- 
ersely, in all instances of positive H-S tests with subsequent 
tologic study, the parathyroid gland proved to be hyperactive. 
he data suggest a positive réle of the parathyroid gland in the 


t} 


ogenesis of Werner's syndrome and Paget’s disease. 
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of the parathyroid glands; to Messrs. George Rosenblatt and Edward Weinbaum for 
their technical assistance 
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A NOTE ON THE EFFECT OF DERMAL AND ENTERAL 
IRRADIATION BY RADIO-PHOSPHORUS ON 
THE BLOOD LEVELS OF DOGS. 


By L. A. Err, M.D.., 


WM. R. KENAN, JR FELLOW, CROCKER RADIATION LABORATORY AND DEPARTMENT OF 
MEDICINE UNIVERSITY OF CALIFORNIA BERKELEY CALIF 


Materials and Methods. Radio-phosphorus: (P") produced by the 
Berkeley cyclotron,’ emits only beta particles (with energies averaging 
600,000 electron-volts) which travel less than 0.8 em. distance in water. 
[It has a half-life of 14.3 days. An amount of P* was converted into sodium 
phosphate, which was dissolved in water. Of this hypertonic solution, 2.5 ce 
was placed into each of 6 rubber capsules (finger cots sealed with rubber 
cement), which could be fed manually or applied to the skin. Each cap- 
sule emitted 5.5 millicuries of beta-radiation. (One millicurie = 37,000,000 
beta particles per second.) 

By puncturing the marginal ear veins of 4 healthy and active dogs 
weighing from 6 to 7 kg.), which had been wormed and acclimated to 
being housed in large wire bottomed cages, freely flowing blood was obtained 
for making complete blood counts. Pipettes standardized by the U.S. 
Bureau of Standards and an Osgood-Sahli hemoglobinometer were used. 
Blood counts were made before, during and after the administration of 
radiation. 

A choice in the method of administration had to be made: (A) The cap- 
sules could be fed orally to some dogs and applied to the skin of others 
for a specified time period. A small localized area of skin would be irra- 
diated constantly in the latter group; while much of the mucosa and sub- 
mucosa, with their vascular systems, of the gastro-intestinal tract would 
be irradiated temporarily as the capsule passed through the lumen, in the 
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ERF: EFFECT 


OF IRRADIATION BY RADIO PHOSPHORUS 


former group. (B) Capsules could be fed orally to one group while an 
equal amount of radio-phosphorus mixed in an ointment could be applied 
to an area of shaved skin equal to the area of the gastro-intestinal mucosa 
In neither A nor B could the factors of area and time be made comparable 
Method A was chosen. 


Experiment. To Dogs 2 and 3 a capsule was placed on the skin 
after shaving) over the site of the spleen of each by the use of 
adhesive tape. The capsules were applied on Jan. 21, 1941, and 
removed on Feb. 1, 1941. To the others, Dogs 1 and 4, the cap- 
sules were administered orally by manual feeding. As soon as 
one capsule was excreted another was fed so that one capsule was 
in the gastro-intestinal tract of each dog at all times. It took 
between 16 to 24 hours for the capsules to travel the entire length 
of the gastro-intestinal tract. Capsules were fed 11 consecutive 
times to each dog from Jan. 21, 1941, to Feb. 1, 1941 

Results. ‘lhe changes that occurred in the white blood cell levels 
and the absolute numbers of circulating lymphocytes and neutro- 
phils of the 2 (Dogs 2 and 3) that received the same amounts of 
radiation applied to the skin, and in 2 others (Dogs 1 and 4) to 
whom equal amounts of radiation were applied to the gastro-intes- 
tinal tract through its lumen, are illustrated in Table 1. 

The trends of the levels of the white blood cells were not con- 
sistent. Those of Dogs 2 and 3 did not vary significantly during 
the period of irradiation. However, there was a rise in the trend 
of Dog 3 but not of Dog 2 after the period of irradiation. That of 
Dog 1 rose immediately following the ingestion of the first few 
capsules, then fell below its base line; but following the cessation of 
irradiation it rose compensatorily above the base line. The trend 
of Dog 4 dropped immediately upon administration of the irradia- 
tion and remained low during the period of irradiation, but rose 
compensatorily above the base line after the period of irradiation. 

The trends of the levels of the absolute numbers of neutrophils 
followed those of the white blood cells. 

The trends of the levels of the absolute numbers of lymphocytes 
in Dogs 2 and 3 dropped only slightly during the period of irradia- 
tion, while that of Dog 1 rose (perhaps compensatorily) during the 
first 3 days of the period of iradiation, but fell below the base line 
during the remainder of the period. Wuring the post-irradiation 
period, the former levels were reached. The trend of Dog 4 dropped 
precipitously to a level nearly 50% below the base line during the 
period of irradiation followed by a compensatory rise after the 
period (see Graph 1). 

The hemoglobin, red blood cell and platelet levels varied insig- 
nificantly. In Dog 3 there was a marked decrease in the percentage 
of circulating eosinophils at the end of the pre-irradiation period. 
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Upon removing the capsules from Dogs 2 and 3 a distinct erythe- 
matous area, a “beta-radiation burn” (1.5 by 4 em.—the size of 
the capsule) was observed. The lesions developed typical scabs. 
In 6 weeks the lesions were completely healed, without contracting 
scars and without the return of growth of hair. 

Dogs 1 and 4 started to excrete pencil-shaped stools 2 day s before 
the cessation of feeding the capsules. It was assumed that the cap- 
sules remained in the rectum for the longest periods of time and 
that edema of the rectal mucosa probably occurred. Both dogs 
excreted normal stools 1 week after the feeding of capsules was 
discontinued, 

Discussion. It is obvious that the capsules given orally did not 
remain in the center of the lumen of the entire length of the intes- 
tinal tract, and that they moved more rapidly in the small than in 
the large bowel. These features, in addition to the fact that the 
greatest amount of ionization occurs just before the termination of 
the beta-ray, suggest that some portions of the submucosa received 
more ionization than the overlying mucosa. Since the amount of 
radiation was sufficient to kill hair follicles of the skin it can be 
assumed that destructive beta-radiation reached some of the germ- 
inal lymphoid follicles of the submucosa of the gastro-intestinal 
tract. Evidence has been presented to indicate that the majority 

4 lymphocytes originate in these follicles! and that these follicles 
are quite frequently hyperplastic in patients with lympnoid leu- 
kemia,® but less fre que ‘ntly involved in myeloid’ leukemia.2 The 
marked variations in the absolute numbers of lymphocytes of 
Dogs 1 and 4 might be attributed to the effects of radiation upon 
these follicles. 

Although the results are not conclusive, the experiment indicates 
another approach to the study of the origin of lymphocytes and 
indicates that enteral administration of radiation to human beings 
seems possible. 

Conclusions. Beta-radiation, emitted by radio-phosphorus in the 
quantities and by the method described, applied dermally, was 
followed by slight anticipated changes (including a a ag in the 
absolute numbers of lymphocytes) in the blood levels of dogs; 
applied enterally it was followed by similar changes associate ed with 
significant variations of the absolute numbers of lvmphocytes. 


I wish to thank the members of the Crocker Radiation Laboratory and the Depart 
ment of Physiology for materials and friendly coéperation 
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A DEFECT IN CLOT FORMATION OBSERVED IN THREE CASES 
OF CHRONIC AGNOGENIC HEMORRHAGIC DISEASE.* 


By CARPENTER, M.B., M.R.C.P., 


NS CTOR DEPARTMENT OF MEDICINE, THE UNIVERSITY OF CHICAGO, 
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ly is apparent that until more is known of the multiple mech- 
anisms which prevent and arrest bleeding there will be no rational 
explanation for the many forms of abnormal hemorrhage. How- 
er, 1 generally conceded that it is reasonable to expect: pro- 
onged bleeding times in patients displaying: 1, prolonged coagula- 
tion times in shed blood; 2, thrombocytopenia ; Dy prothrombino- 
penia or fibrinogenopenia; 4, inflammatory, allergic, or metabolic 
ease affecting the integrity of vessels; and 5, leukemias and 
ar diseases which profoundly alter the constituents of the cir- 
ilating blood. There remains a group of cases in which the pro- 
mged bleeding time cannot be explained by exploration of all fac- 
ors known to be concerned in hemorrhage. The majority of the 
ecorded cases of prolonged bleeding time of unknown cause has 
ot beer fully investigated in the light of our more recently acquired 
nowledge of the pathology of coagulation. This paper discusses a 
sible mechanism for the prolonged bleeding time in 3 patients 
th abnormal hemorrhage of unknown etiology. 
Case Reports. Case 1 Hemorrhagic Diathesis, Acquired, Cause Un- 


J. D. K., aged 27, male, mechanical engineer, was admitted to 
University of Chicago Clinies September 14, 1940. 


History Abnormal bleeding commenced in 1935 at the age of 22 and 
persisted ever since. Minor traumata contracted at games result in 


ibcutaneous effusions, and consequently much of the habitual ath- 
exercise has been abandoned. At the same time spontaneous epistaxis 
peared, and at times has been more or less continuous, In 1937 gum 
irrhages due to gingival trauma became considerable and have con- 
ied inte rmittently 
Previous health Searlet fever, measles, whooping cough, and chicken- 
ore the age of 10; pneumonia at 7; tonsillectomy at 8 without 
essive hemorrhage. Patient has always led the life of a healthy male. 


Social: From 1932 to 1936 the patient, working his way through school, 

med a restricted dietary due to financial stringencies. In 1936 he 

| ghed 135 pounds. He had increased to the present weight of 165 pounds 
1938. The present dietary is satisfactory and includes a plenteous fruit 


| vegetable intake. 

amily There is no family history of abnormal hemorrhage 

uur siblings are alive and well; 2 died at birth of unknown cause. 
hysical findings: Patient is robust, the only abnormal physical findings 
limited to evidences of old and new hemorrhages. 


\ided by a grant from the Douglas Smith Foundation for Medical Research 
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Laboratory findings: Red blood cells, 4,830,000; white blood cells, 5300; 
hemoglobin, 16 gm. per 100 ec.; reticulocytes, 0.4°.; polymorphonuclears, 
large lymphocytes, small lymphocytes, 15°,; monocytes, 
eosinophils, 

Bleeding Time: Repeatedly more than 30 minutes (Duke’s method). 

Coagulation Time (Wright’s capillary tubes): Three minutes; 3 minutes 
and 25 seconds; 2 minutes and 55 seconds. (Howells’ parafhin-c vated test 
tube method): (1) patient, 20 minutes; control, 22 minutes and 50 seconds, 
2) Patient, 18 minutes; control, 19 minutes and 50 seconds 

Platelet Counts (direct citrate technique of Todd and Sanford): Counts 
at various times ranged from 150,000 to 233,000 (normal 

Clot Retraction: Normal in time and completeness as compared with 
normal control. 

Blood Fibrinogen: 0.31 gm. per 100 ec.; 0.30 gm. per 100 ce. 

Fasting Blood Ascorbic Acid: 0.9 mg. per 100 ec. (normal 

Blood Calcium: 9.6 gm. per 100 ee.; 9.4 gm. per 100 ce. 

Blood Prothrombin (dilution method of Allen, Julian, and Dragstedt'): 
Repeatedly 100° of normal. 

Capillary Fragility (quantitative, by suction method Much in excess 
of normal. Not influenced by therapeutic vitamin K, ascorbic acid, 
“citrin,”’ or nicotinic acid, 

Hepatic function tests, blood protein levels, Wassermann reaction, Kahn 
reaction, blood phosphatase, urinalysis, and sternal puncture findings were 
all within normal limits. 


Discussion oF Case 1. It is observed that with the exception 
of the prolonged bleeding time and the excessive capillary fragility 
all findings were within normal limits. There is no evidence to 
exclude the possible contribution of a vascular factor to the abnor- 
mal hemorrhage in this cage. There is no evidence which evaluates 
the relationship of the excessive capillary fragility with the abnor- 
mal properties of the patient’s clotting mechanism as described 
below. This situation is similar to that in thrombocytopenic 
purpura. 

CasE 2.—He morrhagic Diathesis, Probably Conge nital, Cause Unknown 
R. R., aged 30, female, housewife, was admitted to the University of Chicago 
Clinies February 15, 1940. 

History: As a very young child the patient was known to bleed exces- 
sively from minor wounds, and also to bruise easily so that there was a 
family interdictment against spanking. Menstruation commenced at 16 
vears and has been extremely irregular from the first, and usually marked 
by a very heavy loss persisting up to 14 days. At the age of 21 years 
spontaneous epistaxes commenced and have increased in frequency. At 
25 years, following an extraction, a tooth socket bled for 3 days. A small 
pericorneal hemorrhage occurred in the left eye at 28 years. Spontaneous 
subcutaneous hemorrhages have been increasingly frequent in the lower 
limbs during the past 2 years. More recently there have been symptoms 
and signs of increasing anemia. 

Diet: Always satisfactory and includes plenteous fresh fruits and 
vegetables, 

Family: There is no family history of abnormal hemorrhage. 

Mother, father, and 5 sisters alive and well. 

Physical findings: The patient is a small fragile individual who has 
recently become obese. The skull is large and boxlike with frontal bosses 
as in rickets (there are no signs of old rickets). The limbs show numerous 
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itaneous hemorrhages in every stage of resorption, and there is con- 
iderable pigmentation of the shins due to old hemorrhages. Signs of anemia 
ire moderate edema of the ankles, pallor, tachycardia with signs of cardiac 
lilatation, and moderate dfspnea without exertion. Lungs, abdominal 
rgans, and central nervous system are normal, as are also the genitalia, 
Progress: This patient has been followed for a year, and displayed 
irying grades of hypochromic anemia dependent on the degree of menor- 
igia. Hysterectomy or sterilization was refused. The essential bleeding 
henomena have remained unchanged and uninfluenced by oral and intra- 
nous ascorbic acid, testosterone, Roentgen rays to the spleen, and intra- 
enous oxalic acid 
Laboratory findings: Red blood cells (on admission), 1,290,000; white 


vod cells, 7700; hemoglobin, 2 gm. per 100 ec.; polymorphonuclears, 81°; 

rge lymphocytes, 1°;; small lymphocytes, 17°7; eosinophils, 1°. 

Bleeding Time (Duke’s method): Repeatedly more than 30 minutes and 
remained at this level throughout the year. 

Coagulation Time (Wright’s capillary tubes): 3 minutes, 20 seconds; 
ninutes, 5 seconds; 2 minutes, 55 seconds. (Howell’s paraffin-coated 
t tube method): patient, 17 minutes; control, 22 minutes, 25 seconds. 

Platelet Counts (direct citrate technique of Todd and Sanford): 120,000 
50.000 

Clot Ret [vor Normal in time and completeness by comparison with 

ul contre 

Blood Fibrinoger 0.24 (on admission); 0.36 gm. per 100 ec.; 0.35 gm. 
LOO 

Blood Calcium: 8.8 mg. per 100 ec, (on admission); 9.6 mg. per 100 ec. 

Blood Ascorbic Acid: Not studied. Oral and intravenous ascorbic acid 


| not affect syndrome. 


Blood Prothrombin (technique, of Allen, Julian, and Dragstedt'): On 


mission, 37°; of normal. Subsequent to administration of 2 mg. daily 

2-methvi-] 1-naphthoquinone the prothrombin level returned to 100°; 
rmal and has remained thereat throughout the year. 

Cap Fragility: Rumpel-Leede tests invariably strongly positive. 

Non-protein nitrogen, urinalysis, Wassermann and Kahn reactions and 

rum protein levels were normal. 


Discussion OF Case 2. If the abnormal bleeding tendency in 


is patient is not congenital, it was acquired at a very early age. 
\t the time of first admission menorrhagic blood losses had condi- 
tioned a severe hypochromic anemia. Hypoprothrombinemia, dis- 
ered at first admission, responded well to therapy and has not 
urred, but remains unexplained unless on the basis of the chronic 
ood loss. It did not apparently cause the hemorrhagic syndrome. 
e increased capillary fragility observed bears the same relation- 
ip to the consideration of the cause of the abnormal bleeding as 
at in the first case. 

Case 3.— Hemorrhagic Diathesis, Congenital, Familial, Cause Unknown. 
[., an 18-year-old schoolgirl, was admitted to the University of Chicago 
nies, March 11, 1930, and first studied by us in 1940, aged 28. 

History: This patient has suffered subcutaneous hemorrhages over the 
dy all her life. She first bled profusely at the age of 11 years after opera- 

for tuberculous osteomyelitis of the left lower limb, and was then 
insfused several times. Menstruation, established at 15 years, was regu- 
but profuse and lasted 7 to 10 days. Early tooth extractions had led 
severe hemorrhages and the patient came to hospital for further dental 
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extractions on account of severe caries (1930). At this time the bleeding 
time was greatly prolonged, and the clotting time gave figures interpretable 
as slightly prolonged (in years subsequent to 1930 the clotting time by 
the Wright’s tubes technique has invariably been within normal limits). 
The platelet count was then between 150,000 and 175,000 (direct citrate 
technique). At this hospitalization (1930) dental extractions were followed 
by hemorrhage and multiple transfusions. At the age of 21 a Cesarean 
section was shortly followed by hysterectomy and right oéphorectomy, 
many transfusions being necessary. At 26 years the patient was again 
hospitalized (1938) for dental extractions, again with troublesome hemor- 
rhage. At 27 (1939) multiple transfusions were given for hypochromic 
anemia of unknown cause (possibly in part nutritional owing to a bad 
financial situation at this time; a marked ascorbic acid unsaturation was 
demonstrated, but the administration of ascorbic acid did not in any way 
affect the syndrome). 

Family: Paternal grandfather, paternal uncle, and one brother have 
died of hemorrhage; father and one sister are known as bleeders. Son 
aged 7 years) does not bleed abnormally. 

Physical examination: The patient is of markedly asthenic habitus 
Physical examination reveals the sears of operations, but is otherwise 
negative. 

Laboratory findings: Red blood cells throughout the past 10 vears 
there have been varying degrees of hypochromic anemia usually conditioned 
by the immediate bleeding episode; white blood cells, altered only by 
immediate episodes. 

Bleeding Time (Duke's method): Constantly over 30 minutes. 

Coagulation Time: Except for dubious figures in 1930, always within 
normal limits (Wright’s tubes); Howell’s paraffin-coated test tube method 
1940): patient, 20 minutes 25 seconds: control, 20 minutes 0 seconds 

Platelet Counts, 1940 (direct citrate technique 210,000 to 235,000. 

Clot Retraction, 1940: Normal by comparison with normal control 

Blood Fibrinogen: 0.17 gm. per 100 ee.; 0.27 gm. per 100 ee, 

Blood Calcium: 9.3 mg. per 100 ec.; 9.4 mg. per 100 cc 

Blood Ascorbic Acid: Patient was found defective in ascorbic saturation 
in 1939, but oral and intravenous ascorbic acid did not affect the bleeding 
time. 

Prothrombin Time: LOOS, of normal (dilution technique 

Capillary Fragility: Moderately increased by suction technique. 
Rumpel-Leede test gives moderate number of petechie. 

Discussion oF Case 3. The family history displays three gen- 
erations of hemorrhagic disease which has included both sexes. This 
case must therefore be assigned to the group of so-called ‘‘atypical 
familial hemorrhagic syndromes” (Geiger and Evans*) or “heredi- 
tary pseudo-hemophilias”” (Fowler?). Some of these familial syn- 
dromes resemble thrombocytopenia, while others simulate hemo- 
philia in that coagulation time is prolonged. But most commonly 
bleeding time is prolonged with normal coagulation time (v. Glanz- 
mann’s syndrome, v. Willebrandt’s syndrome, etc.), and it is 
apparently to this group that our patient belongs. It is not desir- 
able here to discuss these syndromes at any length. Reference 
should be made to the papers of Fowler,? and of Geiger and Evans.’ 
Again, it is pointed out here that we have no evidence to exclude 
the participation of a vascular factor in the causation of the abnor- 
mal hemorrhage. 
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Lhe Thromboplastin Dilution Curve. Technique: The patient's 
nd the control's blood were withdrawn at the same time into 
ne-seventh volume of 1.859% potassium oxalate in paraffined con- 
tainers, and both samples centrifuged approximately 1 hour at 
2000 revolutions per minute at room temperature. The super- 
atant plasma was pipetted into small, uncoated tubes at room 
emperature and coagulation observations made as soon as possible. 
lithough delay up to 12 hours between the separation of the plasmas 
he observation of their coagulation prope rties Le ngthe ned the coag- 
ition times of hoth pate nt's and control's plasmas, it did not affect 

relationship as to time and clot characteristics reported 


Thromboplastin dilution curves were obtained by timing the 
agulation of patient and control essentially as in the prothrombin 


me technique* (Allen, Julian and Dragstedt'), but employing pro- 
ressive dilutions of the stock beef lung thromboplastin. 
Phe necessity of handling control and patient’s bloods simulta- 
eously and in identical fashion is emphasized. 
PaBLE 1 rime oF FORMATION IN MINUTES 
Ca Case 2 Ca 
t Patient ( ( 
j 0 70 O 0. 0 5Y 0 82 64 
0 90 0 94 0 &2 0 SS 0 79 0 S84 
(4 1 44 1.38 1.25 1 20 1.23 1.42 
2 44 2 28 2.22 1.88 2 01 2.07 
{ 20 514 4. 70* 70 3.70 3. 32 
10 60* 5.92 5. SO* 3.57 20 
5. 55 5.70* 5 90 
12 33* 6 95 11. 40* 6.18 7.45* 6.20 


Discussion. ‘lhe table presented is taken as representative of at 
ist 4 observations in each case at different times. In all 3 the 
lantitative difference in clot size and retractability (see photo- 
iphs) were constantly present at high thromboplastin dilutions. 
Case | the time difference of clot appearance at high dilutions 
AS ( onstantly in excess of that of the controls. In Case 2 the time 
ference was never as marked, and was indeed not constantly 
esent to a degree regarded as significant; but nevertheless at high 
lutions of thromboplastin the time of clot appearance was always 
excess of that of controls. In Case 5 at no time was there a 
gnificant difference in the time of clot appearance. IHlowever, in 
} cases the quantitative difference in clot size and retractability 
triking. At high thromboplastin dilutions, and also in the 
bes to which no extra thromboplastin was added, the controls 


To 0.35 plasma is added 0.30 ce. of the given thromboplastin dilution in 
ime is reckoned from the moment of recalcification with 0.30 ec. of 0.56% 
im chloride in saline to the moment of formation of the fibrin network. 


Clots formed at these dilutions showed quantitative and qualitative differences 


1S ibed 
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(J. G. A. or G. ©.) displayed invariably clots of large size which 
formed completely in the sense that there was no further subsequent 
demonstrable deposit of fibrin. Such clots underwent only moder- 
ate contraction. By contrast, at these dilutions, the patient's clots 


Fic. 1.—Photographs show the clots resulting on the addition of 0.3 ce. of 0.5% 


calcium chloride and 0.3 cc. of diluted thromboplastin to 0.35 ec. of oxalated plasma 
In each case the control is on the left and patient's plasma on the right 

Case 1 Thromboplastin diluted to 1-1024 

Case 2: Thromboplastin diluted to 14096 


Case 3: No added thromboplastin, samples brought up to volume with saline. 


consisted of tenuous threads which very rapidly contracted into a 
small firm mass of fibrin, and some time thereafter the remaining 
fluid formed a transparent, non-retractile gel. We would have no 
confidence in these differences were they not constant and striking. 
The thromboplastin dilution curve here is the function of two 


a® | 
| | 
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factors: the natural thromboplastin resulting from the breakdown 
of the cellular elements accompanying the withdrawal and handling 
of the blood samples, and the thromboplastin contained in the 
added lung extract. The clotting time of plasma containing an 
nfinitely small amount of added thromboplastin is, of course, repre- 
entative of the recalcified plasma time, whereas the clotting time 
recorded in tubes with considerable excess of thromboplastin is 
essentially prothrombin time. The dilution curve then is simply 
the gradient record encountered in the transition from the pro- 
thrombin time to the clotting time of recalcified plasma. 

The mechanism responsible for the differences of coagulation 
observed by this technique might be explained on one of three 
considerations: (1) an Inhibitor contained in the patient’s plasma 

ight exert its influence on coagulation only when the thrombo- 
plastin activity is weak. (2) There might exist in the patient an 
abnormal relationship between fibrinogen and thromboplastin, made 

anifest only when the latter is very dilute. (3) The differences in 
the plasma responses might depend on the different concentrations 
f natural thromboplastin contained in the samples. We have been 
inable to adduce any e\ idence which points to the unqualified 
eceptance of any of these three possibilities, and in fact there is 
one to support the first two. In view of the normal prothrombin 
time, the normal coagulation time, and the disappearance of these 
lot differences when the samples are coarsely handled in wettable 
urfaces it would appear to be most logical to believe that the vari- 
tions depend on the different concentrations of natural thrombo- 
astin in patient’s and control's samples. 

Moreover, it appears significant to us that at some point along 
he thromboplastin dilution curve the thromboplastin concentration 

ust approach that present in the wound produced in the obser- 
ation of bleeding time. It is possible that the observed clot dif- 
erences at high dilutions of thromboplastin in vitro may offer an 
xplanation of the prolonged bleeding time characteristic of these 
atients 

It has long been recognized that the thromboplastic substances 
berated by shed blood are in considerable excess of that required 
r normal coagulation. It is to be expected, then, that in vitro 
agulation of whole blood (coagulation time) will not demonstrate 
ferences in clotting time when only a minor thromboplastin defi- 
ency exists. Such variances from normal may only become mani- 
st when the available thromboplastin is reduced below a critical 
vel, such as in “‘cell free’’ plasma handled in unwettable surfaces. 
ikewise, the amount of additional thromboplastin necessary to 
estore the coagulation of the abnormal to that of the control is a 
easure of the deficit of natural thromboplastin in the test plasma. 

These observations tend to reémphasize the importance of the 
tudy of the coagulation properties of recalcified plasma in the 
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investigation of hemorrhagic disease. It is to be noted, however, 
that we have observed a fourth case with prolonged bleeding time 
of unknown cause with history and findings identical with Case 1] 
(except that capillary fragility appears normal) in which no coagu- 
lation differences could be demonstrated by these techniques. It is 
possible that the demonstrated differences in the plasma of the 
+ cases reported may contribute to the bleeding tendency. It is 
not known to what extent the demonstrated increase in capillary 
fragility may also condition the svndrome.* 

Summary. 1. Three cases of chronic idiopathic hemorrhagic dis- 
ease with prolonged bleeding time have been studied. 

2. In each there has been demonstrated differences in the nature 
of the clots produced in vitro when recalcified plasma is allowed to 
coagulate. 

3. The thromboplastin dilution curve points to deficiency in the 
natural thromboplastin content of the plasma as the source of these 
differences. 

t. Such differences may contribute to the hemorrhagic tendency. 
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THE unexpected finding of a prothrombin deficiency in a supposed 
hemophiliac led to a more detailed study of the defects of this 
patient’s blood coagulability. The findings made it impossible to 
classify the case with any blood dyscrasia known to us. 

Since the development of methods for determining plasma pro- 
thrombin by Quick,** by Warner, Brinkhous and Smith,” and by 
Dam and Glavind? and Schonheyder,’ there has been general agree- 

‘ It is, moreover, to be pointed out that in the absence of an acceptable method 
of quantitative comparison of tissue thromboplastins it is not possible to present 
evidence which excludes variations in the tissue factor as contributory to the hemor- 
rhagic syndrome. Inasmuch as our results were obtained on plasmas from large 
samples of blood removed by venipuncture, extravascular thromboplastic substances 
are not concerned with the coagulation differences demonstrated in this paper 
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nent that there is no deficiency of prothrombin in hemophilia. 


his has been confirmed in our own laboratory also. 
In the case of the patient to be reported, however, a marked 


rolongation of the prothrombin time was found shortly after the 
aboratory began to employ the Quick™ test in 1938. The patient 


as then a l6-vear-old boy who had been studied from the age of 


» during 15 previous admissions on the Pediatric and Medical Ser- 


ces of the Hospital of the University of Pennsylvania. The 
agnosis had always been hemophilia. 
Because of the hypoprothrombinemia it was necessary to abandon 


he diagnosis of hemophilia and that of idiopathic hypoprothrom- 
inemia Was substituted. In view of the early onset of symptoms, 
he condition may well have been congenital. The family history 


negative and the plasma prothrombin concentration of the 
other and brother whom we were able to test were normal. It 
as. therefore, impossible to classify the condition as familial. The 
ise differed from the typical case of hemophilia in one other regard, 


amely that clot retraction was poor. The case history and the 


its of various laboratory studies are given in detail below. 
Case History. kK. W. (Med. rec., 35-21280), a white male, of Irish stock, 
rn February 12, 1923, was first admitted to the University Hospital on No- 
er 9, 1929, on account of a tendency toward uncontrollable bleeding 

ds and development of large hematomas following contusions. At 

time of admission he had a hematoma on the forehead which had been 
esent for 6 weeks. His mother stated that the first such swelling occurred at 
right knee at the age of 9 months. No aspiration was done but in view 
is subsequent history it seems likely that this was a hemarthrosis. 
vever, prior to his admission to the hospital he had been under the care 
Dr. I. Kaplan, of Philadelphia, who reported that a cervical abscess had 
drained without postoperative hemorrhage, but that on two other 
sions incisions had resulted in serious bleeding, lasting 2 to 3 days and 
liring transfusion to combat a decline in hemoglobin to 30°;. Inquiry 
to the family history at the time of this first admission was negative for 
abnormal hemorrhagic tendency. The patient’s father was 40 years 
his mother 30 at the time of his birth, one aunt had died of tuberculosis 
vears previously and one uncle had had inflammatory rheumatism in 


Past Medical History. The patient had been a full-term, 8-pound baby, 
ered spontaneously; he appeared entirely normal as an infant. He 
breast fed for 4 months and then given a formula until the age of 

}months. His early development was normal. He had pertussis at the 
if 3 and measles at the age of 4. 

Course in the Hospital. Study on the Pediatric Ward revealed a venous 

igulation time of 41 minutes and a diagnosis of hemophilia was made. 

\llergy to sheep serum was induced but the coagulation time remained 
minutes when next determined. A blood transfusion of 265 ec. was 
en December 12, 1929; 6 days later the coagulation time was again found 

be 41 minutes. The hematoma was absorbed and the patient discharged 
ember 23, 1929. 

Second Admission. December 2 to December 14, 1930. At this time 
vas treated for a hematoma in the region of the right ankle which came 
following a blow. Blood was aspirated from the hematoma and was 


rile on culture. 


O04 RHOADS, FITZ-HUGH: 


Third Admission, January 19 to January 25, 1931. For hemorrhage 
from the socket of a loose incisor, he received blood intramuscularly and 
also a transfusion, but the hemorrhage continued. It was finally controlled 
with silver nitrate stick, adrenalin and compression applied locally. 

Fourth Admission. August 5 to October 25, 1931. A secondary hemor- 
rhage from a laceration of the foot had been sustained 2 weeks before. 
At this admission he was treated with theelin but the coagulation time 
following this treatment was 50 minutes. An injection of liver extract for 
parenteral administration (Lederle) also failed to improve it. 

Fifth Admission. February 24 to March 23, 1932. For a hemarthrosis 
of the left hip he was given Armour’s ovarian extract without definite im- 
provement in blood coagulability. 


Fic. 1.—Liver of E. W. obtained at autopsy (x 170 The liver columns show 
considerable atrophy in many places. There is some slight cell vacuolization and 
the sinusoids are unusually large. 


Sixth Admission. August 5 to August 10, 1932. For hemorrhage from 
gums, which started 5 days before, a thromboplastin preparation was 
applied locally without suecess. On August 8, 17 cc. of the patient’s blood 
was drawn and injected into the buttocks. The bleeding stopped within 
24 hours. Unfortunately, the coagulation time was not determined. 

Seventh Admission. May 27 to June 13, 1933. The patient was ad- 
mitted on a precautionary basis for extraction of carious teeth. This 
procedure was carried out successfully after a 300 cc. blood transfusion. 
He was given 20 ec. of his own blood intramuscularly with the result that 
the puncture wound in the buttocks bled for several days. 

Eighth Admission. February 11 to February 26, 1934. For bleeding 
from cut on lip, a compress soaked with his mother’s blood failed to stop 
the hemorrhage. Anterior pituitary hormone (1 cc.) was given intra- 
muscularly; adrenalin was applied locally. Compresses of raw beef were 


e & 
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ipplied. Finally, 100 ce. of blood from a woman in the maternity depart- 


ent © was about to deliver a baby was administered. The oozing 
eased about 1 hour afterwards. 

Vinth Admission. July 23 to July 27, 1934. Bleeding from a cut on 
ind, which had persisted for 2 days, was stopped apparently by local 
easures; no new procedures were employed. 

l'enth Admission. November 26 to November 28, 1934. This admission 


is also arranged for extraction of a tooth. The extraction was success- 
illy accomplished after a 320 ec. transfusion from his mother. Glucose 
0 was applied on a compress. 
Kleventh Admission. November 5 to November 23, 1935. Hemarthrosis 
right elbow had occurred without history of trauma. During this admis- 


ntradermal horse serum was employed and a marked local reaction 
as produced but no improvement in the clotting time resulted. On 


November 20 he was given 10 ec. of Congo red intravenously. This also 


vithout effect. Roentgen ray examination of the joints did not show 

ne changes 
I'welfth Admission. December 16 to December 24, 1935. This admission 
s arranged for observation and for a trial of placental extract. After 
00 ce. was given by mouth, the coagulation time declined to 30 minutes. 
Thirteenth Admission. February 3 to February 20, 1936. Hematoma 
right thigh. The placental extract was given further trial but failed to 


roduce any improvement. 
/ teenth Admission. March 9 to June 21, 1936. Swelling of right 
nee and left shoulder. During this admission he received crystalline 
itamin ©, 200 mg. per day for 1 week. This did not decrease the coagula- 
n time An electrocardiogram at this admission showed left axis devia- 
! Kahn and Kolmer tests for syphilis were negative. On June 17 
d June 18 he was given a total of 180 r units of Roentgen ray over the 
een, kidneys and liver 
Fifteenth Admission. December 30, 1936, to January 4, 1937. Bleeding 
I ith had been started by eating hard candy. It stopped sponta- 
isly. His hemoglobin was 58‘;, so apparently he did not bleed a very 
rge al nt 
Sixteenth Admission. July 9 to August 6, 1937. Hemarthrosis of right 
nee following a fall. He received three 250 ec. transfusions of his mother’s 


Seventeenth Admission. March 14 to June 3, 1938. Pain in thighs and 
leeding from teeth. March 20, a tourniquet test was negative. During 

is admission a prothrombin determination was done for the first time. 
The prothrombin time ranged from 70 to 120 seconds, as compared with 
20 to 24 seconds for the normal controls. Vitamin K was administered in 
t . Cerophyl and the coagulation time dropped to 15 minutes at 
ne determination, but soon returned to 90 minutes and did not drop to 
w levels again. The prothrombin time remained prolonged. The serum 
ilcium during this admission was 9.8 mg. per 100 cc. The indirect 
Van den Bergh reaction gave a reading of 0.2 unit. 

Kighteenth Admission. July 6 to August 3, 1938. Hemarthrosis left 


ilder, which developed after rowing a boat. During this admission 

Dr. G. Ham made a preparation of human globulin according to directions 
ceived from Dr. L. Taylor (Thorndike Memorial Laboratory, Boston). 

lhe material corrected the coagulation time of the patient’s blood in vitro 
it not in vivo. 

Vineteenth Admission. October 11 to October 24, 1938. Bleeding from 
tooth socket for 63 days. During this admission more of the specific 
globulin was administered. This caused a drop in the coagulation time to 
20 minutes, but also caused rather a severe reaction with a chill and fever. 
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Twentieth Admission. Decémber 7 to December 15, 1938. Bleeding 
from the mouth, which was controlled by the local application of thrombo- 
plastin. During this admission his clotting time was found to be 5 hours. 

Twenty-first Admission. April 14 to April 20, 1939. Bloody urine, 
which subsided without specific treatment. 

Twenty-second Admission. March 16 to March 30, 1940. The patient 
was admitted for study. The plasma fibrinogen concentration was found 
to be normal and a test for the presence of antithrombin was negative. 
\ tourniquet test was positive (25 petechiw). Studies of liver function 

Dr. T. Machella): Van den Bergh plus or minus 0.2 unit, bromsulphthalein 
retention at 5 minutes 45°;, at 30 minutes 0. Urine: urobilin 0, bilirubin 
0, bile salts 0, hippuric acid conjugation 0.75 gm. per hour (normal 0.7 
to 0.9). Glucose tolerance: fasting blood sugar 70 mg. per 100 ec.; 3 hour 
107 mg. per 100 ce.; 1 hour 122 mg. per 100 e¢.; 2 hours 93 mg. per 100 cc. 
Cholesterol 164 mg. per 100 ec.; cholesterol esters 108 meg. per 100 ce. 
Ratio of esterified cholesterol to total cholesterol 66°;. Urea clearance 
135°, of the average normal. The patient was given 9 mg. of 2-methyl, 
f-amino, l-naphthol hydrochloride by continuous venoclysis without affect- 
ing the prothrombin time. 

Twe nty-third Admission. August 28 to October 16, 1940 Hemarthrosis 
of left hip. On August 29 he had bleeding from the mouth and received a 
transfusion and Koagamin (extract of the Shepherd's purse). During this 
admission an adductor palsy developed with sensory changes referable to 
the second, third and fourth lumbar roots. 

Twe nty-fourth Admission. October 21 to November 2, 1940. Hema- 
toma of left elbow. 

Twenty-fifth Admission. November 9 to November 25, 1940. Recurrent 
hemarthrosis left elbow and hematuria. During this admission he received 
5 ec. of Koagamin intravenously. Coagulation time before this medication 
was over 90 minutes; 20 minutes later it was still over 90 minutes and at 
the end of 2 hours it remained over 90 minutes. He received nicotinic acid 
during this admission. 

Twenty-sizth Admission. December 3 to December 14, 1940. Hem- 
arthrosis of the right elbow. On December 13 the patient complained of 
headache and it was noted that his neck was stiff. At 1 a.m. on Decem- 
ber 15 he fell out of bed, became stuporous shortly afterward and died at 
3.05 A.M. 

Autopsy. Age 18, weight 42 kg. Heart, normal; lungs, passive conges- 
tion, edema and hemorrhage. Spleen, normal. Pancreas, normal. Liver, 
liver columns show considerable atrophy. There is some cell vacuolization 
and the sinusoids are unusually large. Adrenals, pericapsular hemorrhage. 
Kidney, submucosal hemorrhage in pelves, passive congestion. Bladder, 
submucosal and subserosal hemorrhage. I[leum, serosal hemorrhage, 
granulomatous tissue in submucosal layer. Brain, organizing subdural 
hematoma and a recent hemorrhage in the region of the left basal ganglia 
This hemorrhage was thought to be the immediate cause of death. 


Hematologic Studies. The studies of the coagulability of the 
patient’s blood are summarized in the accompanying tables. The 
bleeding time was sometimes prolonged and sometimes within 
normal limits. The venous coagulation time by the Lee-White 
method was always prolonged, except on two occasions and because 
it was not checked at these times it is doubtful if they are significant. 
The clot retraction was regarded as normal at two of the earlier 
examinations, August 6, 1931 and March 14, 1932. It was retarded 
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February 16, 1934, and was noted as poor October 18, 1938 and 
March 18, 1940. The platelet count was usually normal and was 
never low enough to account for the hemorrhagic diathesis. The 
serum calcium concentration was determined twice, on May 2, 


IN3S, it was 9.S mg. per 100 ec.; on March 18, 1940, it was 10 mg. 


TABLE BLEEDING Time (DUKE MetTHop 


limes Times 
min Dates 
29 2 11 18 35 l 
2 2/10/36 l 
25 318 40 1 
22 40 Q 
l 11,1140 6 
12, 4.40 10 
2 Venous CoaGuLaTion Time (Lee, Waite Metuop 
limes limes 
min.) Dates mi 
41 10/25 34 70 
65 11 18 35 90 
1:4 2? 10 36 120 
27 6 21 36 is 
15 9/28/38 15 
1 5S 10 18 38 200 
j 30 318 40 75 
S 10.54 3s S 2s 40 LOS 
S24 34 10 21 40 
57 11 11 40 35 
4 75 12 5 40 15 
PaABLE 3 PLATELET CouNTS 
Phousands | ind 
per c.mm Dates er ¢c.mn 
276 5/29 33 350 
2/29 302 2 26,34 
25S 5 21 36 281 
24.31 140 2 25 3S 230 
; 345 3 18 40 326 
116 S 20 40 14S 
raBLe 4 PROTHROMBIN TIME 
limes 
Dates. 
s oO) ll 639 
8 90 5 15 40 93 
1/ 7/38 85 9 12/40 107 
70 


per 100 ce. The prothrombin time by the Quick method was uni- 
formly prolonged (Table 4). The fibrinogen concentration, March 
26, 1940, was 315 mg. per 100 cc. The following test was performed 
for antithrombin: The patient's plasma was mixed with the plasma 
of a normal patient in equal parts. The prothrombin time of the 
plasma of the normal patient was 23 seconds. The prothrombin time 
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of the mixture was 27 seconds. This is the usual prolongation 


obtained by diluting normal plasma with prothrombin-free fluid 
and was not thought to indicate that the plasma of E. W. had any 
excess of antithrombin or antiprothrombin. 

A solution of protamine (Salmine) was added to the patient's 
plasma to see if an excess of heparin was causing the delayed clot- 
ting. This was without effect, a finding which agrees with the 
results of the test for antithrombin referred to above. 

In order to exclude the possibility that the prolonged prothrombin 
time was due to a delay in the conversion of prothrombin to throm- 
bin, the following test was carried out: Fresh normal serum was 
added to the patient’s plasma to convert the fibrinogen to fibrin. 
This fibrin was then removed and the patient’s plasma recalcified, 
after the addition of thromboplastin. In 60 seconds a solution of 
fibrinogen was added and a clot formed 48 seconds later. The 
dilution of the patient’s plasma was only 2 to 1. This determina- 
tion, carried out along the lines recommended by Smith, Warner 
and Brinkhous” tended to confirm the fact that the prothrombin 
content was quantitatively low and not merely at fault qualita- 
tively. When the same procedure was repeated using a 2-minute 
incubation period before the addition of fibrinogen, a clot formed 
at the end of 110 seconds, indicating that the thrombin which had 
been added previously had not completely removed the fibrinogen 
in the original sample of plasma. ‘This is‘of interest because it had 
been noted in the course of the fibrinogen determinations that it 
seemed to take a long time to get all of the fibrinogen converted to 
fibrin. Accordingly it seemed worthwhile to test the influence of 
the addition of fibrinogen preparations from normal blood and of 
prothrombin-free plasma, prepared from normal blood with the aid 
of colloidal aluminum hydroxide. On November 6, 1939, the addi- 
tion of a fibrinogen solution reduced the prothrombin time from 
100 to 80 seconds. In May, 1940, the addition of fibrinogen solu- 
tion reduced the prothrombin time from 93 to 49 seconds. This 
fibrinogen solution was tested for the presence of prothrombin by 
the Quick test and there was no clot formation at the end of 600 sec- 
onds. A prothrombin-free plasma was prepared by shaking 10 parts 
of normal plasma with | part of colloidal aluminum hydroxide for 
5 minutes. The aluminum was separated by centrifugation at high 
speed and the resulting plasma was free of prothrombin by the 
Quick test,” no clot formation being observed at the end of 600 sec- 
onds. A mixture of equal parts of this plasma with the plasma of 
EK. W. gave a prothrombin time of 41 seconds, as compared with 
93 seconds for E. W.’s plasma undiluted, and as compared with 
{9 seconds for a mixture of equal parts of E. W.’s plasma and 
fibrinogen solution. These figures compare with the normal pro- 
thrombin time of 23 seconds. It would seem, therefore, that the 
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coagulation defect in this case was due partially to a peculiarity 
or qualitative defect, in the fibrinogen. This was further borne out 
by the observation that the addition of fresh normal serum to the 
plasma of E. W. produced a sediment in 30 seconds but no firm 
clot for 2 minutes. A prothrombin time of 93 seconds, as com- 
pared with the normal 23 seconds, would indicate a plasma pro- 
thrombin concentration in the neighborhood of 10%. Dilution of 
the patient’s plasma with equal parts of saline, however, only pro- 
longed the prothrombin time from 93 to 126 seconds, which would 
suggest that the actual prothrombin content was not quite this low. 

Discussion. (ver ten methods are now available for the produc- 

tion of hypoprothrombinemia in various species.’ There are, how- 
ever, only five mechanisms by which these methods work. The 
first is simple K-avitaminosis, as employed in the chick by Dam, 
\lmquist and others. The second is a conditioned deficiency for 
vitamin Kk, produced by a lack of bile salts required for its absorp- 
tion from the intestinal tract, as in the dogs with internal biliary 
fistula, reported by Hawkins and Whipple,t and Hawkins and 
Brinkhous.* This is the mechanism commonly operative in the 
hemorrhagic tendency of obstructive jaundice. The third is hepatic 
damage. This has been observed in the experimental animal fol- 
lowing chemical and mechanical trauma to the liver and following 
urgical ablation of the liver. It has been found also in patients 
with prolonged common duct obstruction and certain other disorders. 
The fourth method is that observed in sweet clover disease, in which 
a toxic material developing in spoiled clover hay'® is absorbed and 
reduces the plasma prothrombin concentration without gross liver 
damage. Fifth, certain cases of clinical hypoprothrombinemia 
have been attributed to changes in the intestinal tract interfering 
with absorption of the vitamin, as in sprue and ulcerative colitis.’ 
The question arose as to which of these mechanisms, if any, could 
have been operative in this patient. Simple K-avitaminosis re- 
sponds rapidly to the administration of small amounts of vitamin k. 
In 1938 E. W. received Cerophyl 7.5 gm. per day with bile salts 
2 gm. per day for a period of a week without any response. In 
1939 he received 2-methyl-1, 4-naphthoquinone mg. (various 
amounts) t.i.d. over a week with the same dose of bile salts with 
no improvement. In 1940 he received 2-methyl, 4-amino, 1-naph- 
thol hydrochloride 9 mg., by continuous intravenous infusion in 
24 hours with no response. It would seem, therefore, that he did 
not suffer from K-avitaminosis nor from a conditioned deficiency 
of vitamin k, due to a lack of bile salts. 

[t is well known that hypoprothrombinemia due to liver damage 
is not very responsive to treatment with vitamin k, either by oral 
or parenteral routes. It seemed most likely, therefore, that this 
patient had hepatic damage or perhaps hepatic hypoplasia, such as 
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was found in a patient with congenital hypoproteinemia, described 
by Thompson, McQuarrie and Bell." None of the liver function 
tests showed any evidence of hepatic damage. At autopsy no gross 


abnormality of the liver was discernible, and the microscopic changes 
were much less than we have observed before in patients with 
hvpoprothrombinemia due to liver damage (Fig. 1). 

The possibility of a toxic agent which destroyed prothrombin 
directly seems unlikely as the patient showed no improvement with 
changes in diet and environment. There were no symptoms point- 
ing to a disorder of the digestive tract and as the patient did not 
respond to vitamin K administered parenterally, it would seem that 
the hypoprothrombinemia could not be due to a failure to absorb 
vitamin Kk in this case. The possibilities of an excessively low 
threshold for vitamin Kk excretion, resulting in a prompt loss of 
vitamin Kk, was considered and an antivitamin Kk factor imme- 
diately destructive of all but a small part of the vitamin Kk 
received was also considered. Neither of these conditions has been 
recognized previously and it was felt that the continuous adminis- 
tration of 2-methyl, 4-amino, l-naphthol hydrochloride by vein for 
24 hours in excessive dosage would have vielded a measurable 
response in the face of either of these possibilities. The studies 
carried out in this patient indicate that his coagulation defect was 
due to a lack of prothrombin and to a qualitative defect in fibrinogen 
without a quantitative defect in this factor. It should always be 
remembered in discussing prothrombin that this factor is known 
only by its function. It has never been isolated or measured quan- 
titatively. There is no certain evidence to indicate whether it is a 
single substance, a group of substances, or a complex of factors 
which interact chemically to achieve the function which we measure 

Conclusions. ‘he case of an 1S8-vear-old, white male with a 
hemorrhagic diathesis extending over most of his life span is pre- 
sented. The defect appeared to be due to an idiopathic hy popro- 
thrombinemia and an abnormality of the fibrinogen which was evi- 
denced by an unusual resistance to the action of thrombin. We 
have been unable to classify this case with any of the known hemor- 
rhagic diatheses. 
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BUNDLE BRANCH BLOCK.* 


By A. Bountna, M.D., 
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From the Cadiovascular Department, Michael Reese Hospital 


‘Tie diagnosis of intraventricular block is entirely dependent upon 
the electrocardiogram and has as its cardinal sign a QRS duration 


of 0.12 second or longer. Two major varieties have long been 
recognized on the basis of the contour in the limb, viz., the common 


type with QRS, upright and QRS, inverted, and the uncommon 
with QRS, inverted and QRS; upright. Earlier workers'** 
interpreted the common type as due to delay of stimulation in the 
right ventricle and the uncommon type as due to delay in the left. 
This was the accepted interpretation with only occasional dis- 
ent until Barker, Macleod and Alexander® in studies on the 
exposed human heart presented evidence that extrasystoles with 
QRS, upright were from the right ventricle and that extrasystoles 
with QRS, inverted were from the left ventricle. Wilson and his 
coworkers™ demonstrated that the common type of bundle block 
vas associated with block of the left bundle branch and the uncom- 
mon with block of the right. They®*° supported their experi- 
mental work by studies of chest leads on dogs and man. In this 
latter work the interpretation was based upon the relatively early 
or late rise of the so-called “intrinsic deflection” in leads over the 
arious parts of the chest; but this interpretation of the deflection 
may be subject to criticism. Later experimental work! 24! 47.47.55 
has tended to confirm the broad principles of Wilson's view. 
There are, however, instances in which a prolonged QRS interval 
present but in which the contour of the curves do not fit into 
either of these two classical patterns. For lack of a better term 
these have been designated as “indeterminate” types. Necropsy 
.26.340.6.43.44 have been more or less inadequate for cor- 
relation with the electrocardiogram and have often been rather 
confusing. The recent detailed work of Yater®’ indicates that 


reports 


* Aided by the A. D. Nast Fund for Cardiac Research and the A. B. Kuppen- 
heimer Fund. 
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branches of both bundles are often affected at the same time, 
especially in arteriosclerotic heart disease. This may in part at 
least account for the atypical forms of some of the electrocardio- 
grams. ‘The variations in the contour of chest leads associated 
with these different types of intraventricular block have been de- 
scribed , 37,49 40.46.59.60.63.65 hut there is still considerable confusion 
as to the significance of these variations. On this account, we have 
undertaken a more detailed study of the chest lead deviations occur- 
ring with the different limb lead electrocardiographic pattern in 
order to see if such an analysis may be helpful in evaluating the 
extent and nature of the involvement of the conducting system of 
the ventricles. 

Material Employed. A total of 176 cases were studied and 1245 
curves were analyzed and classified. In 12 cases, leads were taken 
with the chest electrode at various positions encircling the chest 
at the level of the second and fourth intercostal space at the sternal 
margin. The technique used was similar to that in our previous 
report.!° in 44 others, 6 leads from the anterior chest were used 
(with the left leg the “indifferent” electrode). These were: 1, at 
the right of the sternum at the level of the fourth intercostal space; 
2, at the left of the sternum at this level; 3, at the left midaxillary 
line at this level; 4, at the apex; 5, over the mid-sternum at the 
level of the second intercostal space; and 6, over the junction of 
the xvphoid and sternum. Besides these, 30 other cases are included 
in which the standard 5 leads used by us at present were recorded, 
the chest leads being CF. and CF,.* In addition, 91 further cases 
were also included in which standard 4 leads previously employed 
by us were recorded, the chest lead being CF... In 43 of the 176 
cases the subclavian arterial pulse was recorded simultaneously with 
Lead II to determine the Q-F interval.’ In 25 cases autopsy 
reports were available. 

Analysis of Material. 1. Disrrinurion. (a) By Type. The 
electrocardiograms of the 176 individuals were classified into four 
types illustrated in Figure 1. For clarity these four groups are 
defined more precisely as follows: 

1. The common type in which QRS, is upright and of the A or 
type (with the first inverted phase tiny) and 7, is inverted or 
diphasic, while QRS; is usually inverted and of the V or N type 
(but may be upright) and 7’; is usually upright (but may be inverted). 

2. The first indeterminate type in which QRS, is upright of the 
N or W type and 7; is inverted or diphasic. It differs from the 
common type in having a small final inverted phase. QRS; is 
usually inverted and of the N or M type and 7; is upright. This 
is like the type classified by the New York Heart Association,” 
under right bundle branch block (see Fig. 20b of Nomenclature for 
Diagnosis of Diseases of the Heart). 

3. The second indeterminate type in which QRS, is diphasic and 


COMMON TYPE 


| | 


INDE TERMINATE 


| + 
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INDE TERMINATE a al\~. 


TYPE 2 


UNCOMMON TYPE s\y a 


I l Chart Showing the Chief Varieties of Contour of the QRST in the 4 Types 
of intraventricular block in Leads I, II, III, CF: and CF; 


In CF: and CF,, relative positivity and negativity of the chest electrode with respect 

the leg electrode is shown by + and Discussed in text 

Chere were 10 cases like the Ist line, 33 cases like the 2nd line, 34 cases like the 
rd line, 12 cases like the 4th line, making a total of 89 (51%) of the common type. 
Chere were 23 cases (13%) of the first indeterminate type like the 5th line. There 

re 17 cases like the 6th line and 42 cases like the 7th line, making a total of 59 


the second indeterminate type. There were 5 cases (3%) of the uncommon 
type like the Sth line. 
Che average QRS duration in the series was 0.135 sec. and the range 0.12 sec. to 
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of the N type with a deep prolonged S,; 7) is usually upright. It 
differs from the uncommon type in having QRS, diphasic instead 
of mainly inverted. 

t. The uncommon type in which QRS, is inverted or mainly in- 
verted and of the N, or rarely V, type; usually there is a deep S 
and 7; is upright. QRS; is upright and 7’; is usually inverted. 

Examination of the entire series shows that there is a grada- 
tion from the common, through the indeterminate types to the 
uncommon. 

The distribution of the records into these four categories is shown 
in the legend of igure l. It will be noted that there were SY cases 
of the common type of intraventricular block. These included 
10 cases of the concordant variety?” where QRS was upright in all 
+ limb leads, like the first line of Figure 1. The greater number 
had a contour like that seen in the second and third lines of Figure |: 
however, 12 cases had QRS complexes directed up in the chest leads, 
as in the fourth line of Figure 1. Only 5 cases of the uncommon 
type were found, shown in the last line of Figure 1. There were 
23 cases of the first indeterminate type of intraventricular block 
like the fifth line of Figure i and ao cases were of the second inde- 
terminate type of intraventricular block like the sixth and seventh 
lines of Figure 1. 

(b) By Etiology. The cases were divided into four groups accord- 
ing to etiology as shown in Table 1. About one-fourth of the 
cases had evidence of recent or old myocardial infarction; about 
three-fifths fell into the arteriosclerotic group but without clear 
evidence of myocardial infarction. Many of the cases in these two 
groups also had hypertension. In our series there were relatively 
few cases with syphilitic and rheumatic heart disease. Other inves- 
tigators have found a similar preponderance of arteriosclerotic heart 
disease.® 15.22 


PaBLeE 1 DISTRIBUTION OF CASES OF INTRAVENTRICULAR BLock ACCORDING TO 
ETIOLOGY. 


Average % of I I 

Clinical diagnosis vrs grouy mor I'vpe 
Arteriosclerotic heart disease 61 62 9 35 
Myocardial infarction 57 4 57 15 26 2 

recent and old 
Syphilitic heart disease 51 6 10) 20) 10) 0 
Rheumatic heart disease 13 6 50 0 50 0 
All types 5S 


Of the 48 cases with myocardial infarction, 25 had electrocardio- 
grams resembling the anterior wall type, 17 resembling the poste- 
rior wall type and 6 showed evidence of multiple infarctions (see 
Table 2). This table shows that there was no correlation between 
the type of block and the type of infarction shown in the electro- 
cardiogram. This is in accord with previous observations.** 


| 


INTRAVENTRICULAR BLOCK O75 


| INCIDENCE OF MyocarpbiaL INFARCTION (RECENT AND OLD) IN 
DIFFERENT Types OF INTRAVENTRICULAR BLOCK 


No. of cases with 


tal each type of infarction. 
of 
Anterior I Multipl 
28 16 7 5 (ant 
and post 
te Type 2 12 5 6 1 (mult 
small) 
l () 
1S 20 17 
By NS ‘There were in our series 122 males and 54 females. 
‘his predominance of males is in accord with previous studies. 7.5 
By Age \s expected, there was a definite age distribution 
according to the etiology of the intraventricular block (Table 1) but 
Hone ace ording to the electrocardiographic pattern. The arterlo- 


clerott group had the oldest average age, of this group being 
1) vears or over. Of the cases with myocardial infarction, 75% 
vere OU vears or over. The syphilitic and rheumatic groups were 

inger. This is in accord with previous findings from this 


department and from other 25 26 ,30 45 50 .52 


In the entire series 64°07 of the cases were in the fifth and sixth 


decades (Table 3). The voungest case in this group was 25 vears 
f age with rheumatic heart disease, the oldest 87 vears with arterio- 


erotic heart disease. 


\ COMPARISON OF AGE ACCORDING TO DECADES IN THE SERIES 
OF INTRAVENTRICULAR BLOCK 


of of 
tal grouy Age (yrs total grouy 
0.5 60 to 69 32.0 
1.0 70 to 79 16.0 
IS 0 SO to S7 0.5 

32.0 Average age, 5S 


By Duration of QRS. There was no definite relation between 
QRS duration and the type of electrocardiographic pattern, nor 
between QRS duration and the etiology of the block. The duration 
of QRS varied from 0.12 to 0.24 second and the average of the 
entire group Was 0.135 second. 

2. ‘THE SIGNIFICANCE OF THE Q-E INTERVAL. In attempting to 
differentiate delay in the left ventricle from delay in the right, several 
investigators have employed optically recorded pulses taken simul- 
taneously with Lead II. The rise in the pulse marks the onset of 
ejection of blood from tbe left ventricle plus the transmission time 
of the pulse to the spot recorded; the beginning of QRS indicates 
the onset of stimulation of the ventricles. Nichol* designated the 
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block 
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Type 1 


Type 2 


Uncommon 


Indeterminate 
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DuRATION OF Q-E INTERVAI 


Illustrated 
in Fig. 1 


Line 1 


Line 2 


Line 3 


Line 


Line 


Line 6 


Indeterminate 


Line 7 


Line 8 


Duratior 
of QRS, 


0 


16 


Duration 
of 


LANGENDORF, 
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difference between these two points, the Q-F interval. 
the subclavian pulse for the former. 


BLUMENTHAL: 


He 


used 


He found that the Q-E inter- 


$3 CASES OF 
INTRAVENTRICULAR BLOCK. 


Average « 
for 


QRS 


0 160 


0. 136 


0.125 


0 133 


0.129 


0.153 


val was prolonged in individuals with the common type of intra- 
ventricular block as compared with those with normal hearts. 
interpreted this as indicative of delay in the left bundle. 


Wolferth 
Various Types 
’ Average duration 
for total gro 
QRS Q-E 
0 
0. 15¢ 
0 135 0.155 
0.150 
0.170 
0.130 0.125 0.130 
0 115 
0.130 0.116 
0.116 
0.120 0.153 0 120 


He 


| 
0.18 
10 
0 16 
012 (0120 
0.12 0.14 
0.12 0 12 
0 1S 
0 QO. 24 
0.16 0.17 
32 0.16 
0 16 
0 12 0.14 
0.12 0.12 
0.12 0.12 
0.12 
0.12 0.12 
0.12 0.12 
| 016 O19 0145 
0.13 0.15 
0.14 0.14 
0.12 0.12 
0.12 0.12 
0.12 0 OY 
0.12 0.11 
0 14 0. il 
0.12 0 12 
0.14 0.14 
0.16 0.12 
0.12 0.10 
0.12 0.10 
0.12 0.10 
0.12 0.12 
0.12 0.12 
0.12 0.12 
0.14 
0.14 0.12 
0.14 0.12 
0.14 0.14 
0.14 0.14 
0.12 0 OS 
0.20 0.14 
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et al. and others" arrived at much the same conclusion. We 
repeated this work some years ago*® and concluded that “In intra- 
ventricular block: 1, a Q-E of 0.18 second or longer suggests the 
presence of ‘functional’ left bundle branch block, but does not 
exclude the presence of ‘functional’ right bundle branch block; 
and that 2, a Q-E interval of less than 0.14 second suggests the 
probable absence of ‘functional’ left bundle branch block and there- 
fore suggests ‘right bundle branch block’.” 

We pointed out further that due to various factors there is a con- 
siderable variation of the Q-E interval in normal individuals. 

Since our earlier report, we have carefully measured the Qh 
interval of 43 of our present series of 176 cases with intraventricular 
block. Each case was carefully checked and corrected for parallax 
when necessary. ‘These measurements are shown in Table 4. The 
cases have been classed according to their resemblance to the 
records in Figure 1 and are summarized in Table 5. It is interest- 
ing to note in this table that 68° of the cases with the common 
type of intraventricular block had a Q-EF interval longer than the 
ORS, while 65% and 67% respectively of the cases of the second 
indeterminate and uncommon types of intraventricular block have 
a ()-F interval shorter than QRS. It is also significant that 58% 
of the cases with the common type of block have a Q-E longer than 
0.14 second and 26° have ong of 0.18 second or longer, while in 
none of the other three types is the () E longer than 0.14 second 
and in about one-third of the second indeterminate and uncommon 
tvpes, QF is less than 0.12 second. 
PAB \ ComMPARISON OF QRS anp Q-E INTERVALS IN DIFFERENT TYPES OF 

INTRAVENTRICULAR BLOCK. 


Proportion of cases 
in each group with a QR interval which is 


Less thar 


Range of average 
(-E interval Greater Less normal Greater 0.18 se« 
duration in than than duratior thar or 
seconds QRS QRS 0.12 sec 0.14 sec longer. 
( mi 0 Wtod. 24 68% 0 0 260% 
Indeter1 ite Type l 0.12 to0.14 25% 0 0 0 0 
Indetern ite Type2 0. 09to 0.14 0 65% 35% 0 0 
Unecomr 0 OS to 0.14 0 67% 33% 0 0 


In order to get some idea of the trends, the Q-F intervals of 
each of the four classes of intraventricular block were averaged and 
the results are presented in Table 6 listed under Series A. The 
cases previously published by us?® were reclassified into these four 
classes and the averages in each are presented in Table 6 listed 
under Series B. The averages in each class in the two series com- 
pare closely. They show that only in the common type of intra- 
ventricular block is the Q-E interval definitely beyond the average 
limits of the normal Q-E interval. An interesting case in this con- 
nection was seen where a Q-E interval was obtained before and 
after the development of intraventricular block. In this patient 
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when the QRS was normal in duration, 0.08 second, the Q-£ inter- 
val was 0.14 second which is in the upper normal range. When 
intraventricular block of the common type developed with QRS 
(0.12 second in duration, the Q-E interval became 0.18 second. 

PaBLE 6.—VENTRICULAR DELAY IN THE DIFFERENT Types OF INTRAVENTRICULAR 


Biock as DETERMINED FROM THE AVERAGES OF THE (-E INTERVAI 
IN SEVENTY INDIVIDUALS 


Average duratior 
ype of group in second 
ntraventricular No .of Interpret 
block Series cust QRS QI ventricular 
\ 10 QO 135 0 155 Left ventrick 
Common B 16 0 143 0. 14 Right ventricular 
Both 35 0.138 0 159 delay is not 
exclu le | 
\ 125 0.130 
Indeterminate Type 1 B ? 0 120 0.130 Undetermined 
Both ( 0. 123 0.130 
\ 17 0 130 
Indeterminate Type 2 B 7 0.127 0.121 Right ventricle 
Both 24 0.129 0 11S 
\ 3 0 1538 0 120 
Uncommon B 2 0.130 0115 Right ventricle 
Both 5 0 144 0 118 
Normal adults B 0 120 No delay 


Series A = Present series (see Table 5 


Series B = Katz, Landt, and Bohning: Am. Heart J., 10, 681, 1935 


All this evidence favors the idea that the common type of intra- 
ventricular block is most often associated with delay in the left 
ventricle and that the uncommon and the two indeterminate types 
are not associated with delay in the left ventricle, hence, presum- 
ably, with delay in the right ventricle. Tlowever, exceptions are 
found. Especially frequent is the lack of evidence of QE prolonga- 
tion in the common type of intraventricular block. Our present 
deductions therefore in no way nullify our previous conclusions but 
are a further clarification of them. 

Tue Avtopstep MatertaL. The data on the 25 cases coming to 
necropsy are summarized in Table 7. The autopsies were routine, 
and, while microscopic examinations of sections were made, no 
special studies of the relative involvement of the various parts of 
the conducting system were undertaken. Several of the compli- 
cating factors were revealed at necropsy, however, which may some- 
times confuse the electrocardiographic picture. The actual curves of 
many of these have been published in earlier articles (see Table 7) 

Of these cases, 19 had coronary sclerosis, 14 had myocardial 
infarction, 4 had syphilis and 1 of these latter had an anterior wall 
infarction. One, Case 22, had an active rheumatic infection and 
3 showed evidence of old healed rheumatic lesions but associated 
with coronary sclerosis. 
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There was no relation apparent between the location of the 
infarction and the type of intraventricular block. However, the 
infarct, old or new, leaves its impression on the record. This is 
discussed in another communication.? Nor could any relationship 
be established in this series between the coronary artery involve- 
ment and the type of intraventricular block. 

In 16 of these cases the septal involvement was visible grossly. 
In the cases of infarction this involved usually the left ventricular 
side of the septum adjacent to the infarct in the outer wall. In 
| (Case 17) there was an occlusion of the septal artery as well as 
that of the left anterior descending branch, and an anterior wall 
infarction. However, it must be recalled that in an earlier series 
of autopsied cases with myocardial infarction® 6 cases with septal 
involvement were seen without electrocardiographic evidence of 
intraventricular block. Besides the cases with infarction, there 
were 4 with diffuse septal fibrosis and 4 had evidence of degenera- 
tion of the muscle fibers of the septum and 1 had ‘“ mummified” 
muscle fibers histologically in the septal area (Case 18). Two had 
necrosis involving the common bundle (Cases 7 and 13) and 1 had 
a fatty infiltration of the bundle fibers (Case 10). 

Eleven cases had hypertrophy of both ventricles, 6 hypertrophy 
mainly of the left ventricle. In all but 2 of these last 6, the intra- 
ventricular block was of the common type. The exceptions had 
the first or second indeterminate types of intraventricular block; in 
the former, this was confined to his later records, the earlier ones 
being of the common type. There was another case besides this 
where a common type of block preceded the first indeterminate 
type. Nearly all cases showed myocardial fibrosis throughout both 
ventricles. There were 3 cases of hypertrophy confined to the 
right ventricle, all of the second indeterminate type. 

This analysis of the 25 autopsied cases lead to the following main 
conclusion: 

1. The chief causes for intraventricular block appear to be: (a) 
arteriosclerotic heart disease leading to degeneration of the fibers 
in the common bundle or a fibrosis of the ventricular muscle fibers 
in the septum and outer walls; (b) myocardial infarction involving 
the septal area, including old lesions and aneurysms; (¢) occlusion 
of the septal artery or its branches; (d) syphilitic cardiovascular 
disease associated with narrowing of the coronary ostia’, and with 
necrosis and fibrosis of the muscle fibers; (¢) rheumatic heart dis- 
ease associated with muscle fiber fibrosis. 

2. There is no special electrocardiographic pattern associated with 
any particular etiologic factor, although left hypertrophy usually 
had the common, and right hypertrophy usually had the second 
indeterminate type. 

3. Several etiologic factors are often present in the same case. 

Our findings are in agreement with those of previous reports on 
necropsy 56.66.67 
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Cuest Leap VARIATIONS IN THE DIFFERENT Types oF INTRA- 
VENTRICULAR Biock. The data as to the configuration of the two 
chest leads, CF, and CF, used by us routinely, in the various types of 
intraventricular block uncomplicated by myocardial infarction, are 
shown in Table 8. In Figure 1 is summarized the prevalent appear- 
ance of these 2 chest leads together with the limb leads in the different 
tvpes of intraventricular block. Examination of this table and 
this figure will show that a definite pattern is found in the chest 
leads and that the chest leads can help to substantiate the type of 
intraventricular block identified in the limb leads. That excep- 
tions and intermediate forms occur is not surprising since associated 
conditions can alter the electrocardiographic pattern. Among the 
most important is myocardial infarction.® 

In the common type of intraventricular block, QRS may be 
entirely down in both of these chest leads, often with a preliminary 
small upright phase. Less commonly, QRS is entirely up in both 
chest leads, sometimes with a tiny inverted preliminary phase in 
CF,. It is unusual to find QRS down in CF, and upright in CF,, 
or to find an equiphasic QRS in CF, with the first phase up. The 
S-T-T in these chest leads almost without exception is opposite to 
the major phase of QRS. 

[In the first indeterminate type, QRS is upright in both CF, and 
CF, and usually there is both a preliminary and final inverted phase 
of some magnitude. Sometimes the preliminary phase is absent, 
sometimes the inverted phases are so large as to give a W appear- 
ance to the QRS. Rarely an M type of curve may be seen in CF». 
S—7-T is practically always directed downward. 

In the second indeterminate type, ORS in CF, is of the M type 
with the deflection almost entirely up, although Gecasionally the 
middle phase may go below the isoelectric level. Sometimes the 
first phase of the M is so large and the third so small that it takes 
on the appearance of notching on the downstroke. On rare occa- 
sions QRS may be polyphasic. S—7-—T in this lead with these con- 
figurations is practically always downwardly directed. Some cases 
of this type show QRS diphasie with the second phase inverted and 
prolonged ; here S—7—T is directed upward. This last is the usual 
appearance of the QRST in CF,. Occasionally an M type may be 
seen in both CF, and CF,. 

In the uncommon type, the forms are similar to those seen in the 
second indeterminate type except that the M type is not seen in 
CF, and the diphasic type is more common than the M type in CF». 

Summary. An analysis was made of the electrocardiograms of 
176 individuals with intraventricular block. They were classified 
according to the differences in pattern found in the limb and chest 
leads. The types were related to the probable delay in stimulation 
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of the right and left ventricle, as suggested by the averages of the 
()-E intervals (the time from the onset of QRS to the rise of the 
ubclavian arterial pulse) in each group. Further, an analysis of 
ome detail was made of the findings in 25 autopsied cases. 

Conclusions. |. Intraventricular block occurs more frequently) 
in males and most often in the fifth and sixth decades of life. 
2. Arteriosclerotic heart disease was the most frequent etiologic 
factor in intraventricular block in our series; syphilitic and rheu- 
natic heart disease were responsible for the smaller number of cases. 
Intraventricular block in the autopsied group of cases was 
sociated with: 
Involvement of the common bundle or some of its major 
branches as a result of arteriosclerotic or s\ philitic disease. 
b) Involvement of the septal muscle fibers by infarction, fibrosis 
degenerative processes. 
Involvement of massive character of the myocardium of the 
entricl by degenerative processes accompany ing arteriosclerotic, 
philitic or rheumatic heart disease. 
[nvolvement of several areas by the above etiologic processes. 
!. Intraventricular block is diagnosed in the electrocardiogram 
finding a QRS duration of 0.12 second or longer in the limb leads. 
Examination of the records shows that thes can be grouped into 
four types, the common, the uncommon, and the first and second 
ndeterminate types. 
>. While other influences such as hypertrophy and displacement 
the heart, as well as the causes which lead to low voltage, affect 
e appearance of the electrocardiograms in intraventricular block, 
the various types, by and large, appear to represent definite types 
f delay in the spread of the impulse, viz: 
The common type of intraventricular block appears to repre- 
nt chiefl delay in the left ventricle. 
b) The uncommon and second indeterminate types of intra- 
entricular block appear to represent chiefly delay in the right 


The first indeterminate type of intraventricular block appears 
o represent a mixture of delay in the right and left ventricles. 

(. These studies confirm and expand the views developed by us 
previously regarding intraventricular block. 

7. The characteristic appearance of the electrocardiogram in 
CF, and CF, is described (and the typical contour is shown in 
Mig. 1) for each of the four types of intraventricular block into 
vhich all cases appear to fall. 

We are indebted to several interns of the department for their assistance in obtain- 

cardiograms and to Dr. O. Saphir of the Department of Pathology 
stmortem interpretations were used in our analysis of the 25 autopsied 
We are indebted to the various physicians for their kind permission to use 
is of their patients. 


| 
| 
| 


OS4 INTRAVENTRICULAR BLOCK 


REFERENCES. 


1.) Abramson, D. I., and Weinstein, J.: Am. J. Physiol., 115, 569, 1936 7 
Abramson, D. I., Katz, L. N., Margolin, S., and Lourie, R.: Am. Heart J., 13, 217, 
1937 3.) Appelbaum, E., and Nicolson, G. H. B.: Ibid., 10, 662 1935 (4. 
Bach, F.: Quart. J. Med., 23, 261, 1930. (5.) Barker, P. S., Macleod, A. G., and 
Alexander, J.: Am. Heart J., 5, 720, 1930. (6.) Bayley, F. H.: Am. J. Men. Sct., 
188, 236, 1934. (7.) Bishop, L. F., and Carden, G. A.: Am. Heart J., 17, 275, 1939 
8. Bohning, A., and Katz, L. N.: Arch. Int. Med., 61, 241, 1938. (9.) Bohning, A., 
and Langendorf, R.: Unpublished data. (10.) Bohning, A., Katz, L. N., Robinow, 
M., and Gertz, G.: Am. Heart J., 18, 25, 1939. (11.) Braun-Menendez, E., and 
Solari, L. A.: Arch. Int. Med., 63, 830, 1940. (12.) Brown, W. H.: Am. Heart J., 
12, 1, 1936. (13.) Campbell, S. B. B., and Turkington, 8S. I.: Quart. J. Med., 24 
$81, 1931. (14.) Carter, E. P.: Arch. Int. Med., 13, 803, 1914 15.) Cowan, J., 
ind Bramweli, J. C.: Quart. J. Med., 19, 95, 1925. (16.) Eppinger, H., and Roth- 
berger, C. J.: Ztschr. f. klin. Med., 70, 1, 1910. (17.) Eppinger, H., and Stoerk, O.: 
Ibid., 71, 157, 1910. 18.) Fahr, G.: Arch. Int. Med., 25, 146, 1920 19.) Flax- 
man, N.: Ann. Int. Med., 11, 1607, 1938. (20.) Freund, H. A., and Sokolov, R.: 
Arch. Int. Med., 63, 318, 1939 (21. Gilchrist, A.R., and Cohn, A. E.: Am. Heart J., 
3, 146, 1927 22.) Graybiel, A., and Sprague, H. B.: Am. J. Men. Scr., 185, 395, 
1933 23.) Hart, T. S.: Arch. Int. Med., 35, 115, 1925. (24.) Herles, F., Lukl, P., 
Prusik, B., and Sikl, H.: Cardiologia, 2, 1, 1938. (25.) Herrick, J. B., and Smith 
F. M.: Am. J. Men. Scr., 164, 469, 1922. (26.) Hill, I. G. W.: Quart. J. Med., 24, 
15, 1930-31 (27.) Holzmann, M.: Arch. f. Kreislaufforsch., 1, 1, 1937 28. 
Kaplan, L. G., and Katz, L. N.: (a) Am. Heart J., 18, 145 1939; (b) Am. J. Mep 
Scr., 201, 676, 1941 29.) Katz, L. N., Landt, H., and Bohning, A.: Am. Heart J., 
10, 681, 1935. (30.) King, J. T.: Am. J. Mep. Sct., 187, 149, 1934 31.) Kountz, 
W.B., Prinzmetal, M., and Smith, J. R.: (a) Am. Heart J., 10, 614, 1935; (b) Ibid., 
p. 623. (32.) Kountz, W. B., Prinzmetal, M., Pearson, E. F., and Koenig, K. F.: 
Ibid., p. 605 (33.) Lewis, T.: Phil. Trans. Roy. Soc., London, 207, 22 1916, 
34.) Mahaim, I.: (a) Les Maladies organiques du faisceau de His-Tawara, Paris 
Masson and Cie, 1931; (6) Ann. de méd., 38, 185, 1935 35.) Mann, H.: Am 
9 art J., 6, 447, 1931 (36.) Markel, A. G., and Pardee, H. E. B.: Am. J. Mep 

176, $79, 1928. (37.) Marvin, H. M., and Oughterson, A. W.: Am. Heart J., 
7 47 1, 1932. (38.) Master, A. M., and Pardee, H. E. B.: Arch. Int. Med., 37, 42, 
1926. (39.) Master, A. M., Dack, S., and Jaffe, H. L.: Am. Heart J., 16, 283, 1938S 
40.) Mortensen, V.: Nord. Med., 2, 1971, 1939. (41.) Nichol, A. D.: Am. Heart J., 
9, 72,1933. (42.) Nomenclature and Criteria for Diagnosis of Diseases of the Heart, 
New York Heart Association, New York, J. J. Little & Ives Company, 1939 43). 
Oppenheimer, B. S., and Oppenheimer, E. T.: Trans.-Assn. Am. Phys., 45, 427, 1930 
44.) Oppenheimer, B. S., and Pardee, H. E. B.: Proc. Soc. Exp. Biol. and Med 
17, 177, 1920. (45.) Pick, A.: Ztschr. f. klin. Med., 129, 719, 1936. (46.) Porto, J.: 
Arch. d. mal. du coeur, 31, 330, 1938. (47.) Roberts, G. H., Crawford, J. H.. 
Abramson, D.I., and Cardwell, J. C.: Am. Heart J., 7, 505, 1932 48.) Rothberger, 
C. J., and Winterberg, H.: Zentralbl. f. Herzkrankh., 5, 206, 1913. (49.) Salcedo- 
Salgar, J., and White, P. D.: Am. Heart J., 10, 1067, 1935. (50.) Sampson, J. J., 
and Nagle, O. E.: Am. J. Men. Scr., 191, 88, 1936. (51.) Saphir, O., Priest, W. S., 
Hamburger, W. W., and Katz, L. N.: Am. Heart J., 10, 567, 762, 1935. (52.) Smith, 
A. L.: Nebraska Med. J., 17, 179, 1939. (53.) Standardization of Precordial Leads 
Am. Heart J., 15, 107, 235, 1938; also J. Am. Med. Assn., 110, 395, 681, 1938 (54. 
Talley, J. E., and Reed, O. K.: Am. Heart J., 1, 262, 1926 55.) Vander Veer, 
J. B.: Ibid., 8, 807, 1933. (56.) White, P. D.: Ibid., 10, 260, 1934. (57.) White, 
P. D., and Viko, L. E.: Am. J. Mep. Sctr., 166, 659, 1923. (58.) Willius, F. A.: 
\m. Heart J., 1, 576, 1926. (59.) Wilson, F. N., Johnson, F. D., and Barker, P. S8.: 
Ibid., 9, 472, 1934. (60.) Wilson, F. N., Johnson, F. D., Hill, I. G. W., Macleod, 
A. G., and Barker, P. S.: Ibid., p. 459. (61.) Wilson, F. N., Macleod, A. G., and 
Barker, P. S.: Ibid., 7, 305, 1932. (62.) Wolferth, C. C., and Margolies, A.: Ibid., 
10, 425, 1935. (63.) Wolferth, C. C., and Wood, F. C.: Arch. Int. Med., 56, 77, 
1935. (64.) Wolferth, C. C., Margolies, A., and Bellet, 8.: Trans. Assn. Am. Phys., 
48, 187, 1933. (65.) Wood, F. C., Jeffers, W. A., and Wolferth, C. C.: Am. Heart J., 
10, 1056, 1935. (66.) Yater, W. M.: Arch. Int. Med., 62, 1, 1938. (67.) Yater, 
W. M., Cornell, V. H., and Clayton, T.: Ibid., 57, 132, 1936. 


GECKELER! PHONOGRAPH RECORDS OF HEART SOUNDS — 6So 


PHONOGRAPH RECORDS OF HEART SOUNDS, MURMURS 
AND ARRYTHMIAS. 


By GreorGE DD. GECKELER, M.D., 


+s E PROFESSOR OF MEDICINE, HAHNEMANN MEDICAL COLLEGE AND HOSPITAI 
PHILADELPHIA, PA 

Some 15 or 16 vears ago, Gamble and Cabot! made a series of 
heart records somewhat in the nature of case reports. ‘There was 
recited a short history, a résumé of physical findings and diagnosis 
of the case and then followed the specific heart sounds and murmurs 
of that case. Unfortunately, due to the stage of development of 
recording and of reproducing in those days, it was very difficult 
to play these back with the home phonograph then in use and they 
were not satisfactory. 

The value of physical findings in cardiac diagnosis has been over- 
hadowed in the past few vears by the development of graphic 
method While we all are grateful for the contribution that 
electrocardiographic and radiologic diagnosis has made in our pres- 
ent-day advance, it seems that this very advance has tended to 
essen interest in auscultatory findings. Furthermore, no one will 
deny that stethocardiograms, vital capacity studies and various 
laboratory procedures are valuable particularly from an investi- 
rative standpoint; but all such studies are of little help in’ the 
run-of-the-mine clinical case. This is particularly true in the 
ounger age groups with which the family physician has to deal. 
\s Wolferth and Margolies* aptly stated: “There seems to have 
been a tendency in recent vears to minimize the value of ausculta- 
tion; one frequently observes it done in a perfunctory manner. 
Nevertheless, in spite of all the advances that have been made in 
other directions, there is just as great need today as there was in 
Potain’s time for physicians to train themselves rigorously in auscul- 
tation. As knowledge regarding heart sounds has increased, the 
information that may be derived from auscultation has also in- 
creased” and “‘it is safe to say that at this time sounds which cannot 
be detected by the examiner with ordinary hearing ability and good 
training are of no great clinical significance. It is much more 
mportant to be able to tell which of the audible sounds are signifi- 
cant and which are not.” 

With present-day methods of recording and the perfection of 
eproduction (the cheapest radio-phonograph will give satisfactor) 
results), it is somewhat strange that more attempts have not been 
made to utilize this method in teaching. Phonograph records are 
particularly adapted for teaching in that the same illustration ma) 
be reproduced as often as desired and repetition is the secret of an) 
good teaching. Furthermore, the record can be well heard by a 
class of any size. It has already been satisfactorily demonstrated in 
an auditorium with good acoustics to over 300 people. 
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RECORDS OF 


HEART SOUNDS 


In gollaboration with the Columbia Recording Corporation, a 
series of records of all types of auscultatory signs was developed. 
The following have been selected, 6 or 7 to a record, with frequent 


interpolation of normal heart sounds for easy 


Sounds 


Normal first and second 
sounds at the apex 

Reduplicated first sound 

Reduplicated apical sec- 
ond sound 

Apical first sound louder 
than the second sound 

lie-tac sounds 

Normal first and second 
sounds at the apex 


Accentuated aortic sec- 
ond sound 
Ringing aortic second 


sound 


Accentuated pulmonic 
second sound 


Murmurs 


Blowing systolic murmur 
of moderate pitch; nor- 
mal sinus rhythm 

Blowing systolic murmur 
with auricular fibrilla- 
tion 


Harsh systolic murmur 
with loud second sound 

Harsh systolic murmur 
with doubled second 
sound 

Harsh systolic murmur 


replacing first sound 
Harsh 
with auricular 
tion 
Loud harsh musical sys- 


systolic murmur 


fibrilla- 


tolic murmur 
Squeaky systolic murmu 
Harsh aortic systolic with 
a diastolic murmur 
Faint mid-diastolic mur- 
mur 
Very faint apical diastolic 
murmu! 

Long low-pitched 
tolic murmur 
Mitral diastolic murmur 
with presystolic accent- 
uation 
Diastolic 


dias- 


murmur with 
presystolic 
tion and 
sound 

Diastolic 
murmu! 

Both sounds replaced by 
murmurs 

Comparison of syphilitic 


accentua- 
a sharp first 


decr escendo 


and rheumatic aortic 
murmurs 
Machinery-like’ mur- 


mur of apatent ductus 
arteriosus 


ymMparise 
Arrythmias 


Premature systoles 

Coupling 

Auricular fibrillation 

\uricular fibrillation with 
exercise 

Auricular fibrillation with 
premature systoles 

Sinus arrythmia 

rypical gallop rhythm 


Atypical gallop rhythm 


An appropriate explanation introduces each illustration, to point 


out its significant features and to suggest what to listen for. 


Only 


one feature of an illustration is emphasized; any other abnormality 


is mentioned but not stressed. 


Considerable thought was given to 


the length of the illustration; if too long, it becomes tiresome; if 


too short, it does not sufficiently drive home the feature one hopes 
to demonstrate. The nomenclature suggested by the American 
Heart Association is used. A unique feature of these records is that 
the level of the spoken voice and the loudness of the illustration was 
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so adjusted that if instructions are followed the illustrations are 
heard with the same intensity and quality of sound as was heard 
with the stethoscope on the patient’s chest when the recording 
was made. Extraneous noises which interfere with the illustration 
were for the most part eliminated, but it was thought inadvisable 
to remove all breath sounds, and so on because actually when one 
listens toa patient these are heard with heart sounds and the repro- 
duction seems more real. Records of rare and obscure abnormalities 
were included as well as those which could be easily heard and dis- 
tinguished. Several, such as the mid-diastolic murmur heard in a 
case with beginning mitral stenosis, are difficult to hear but for that 
reason are probably most valuable from a teaching standpoint. 
In a given case under examination they represent that type of finding 
which must be sought after and which does not present itself readily. 
The records also have value in their veracity and because they train 
one to listen more intently. 

These records do well for self-teaching as well as for class work. 
One listens with his stethoscope as the record is being played, simply 
holding the chest piece in his hand with the bell or diaphragm 
exposed to the air. It is suggested that one sit comfortably in a 
quiet room and close one’s eyes (it always helps to blot out as many 
ensory stimuli as possible). 

It 1 hoped that these records will fill the need of the family 
physician who has been away from a center for a number of vears 
and who needs a “‘refresher.”’ They are of value in Undergraduate 
and Post-Graduate teaching; and they may have value to Draft 
Board examiners. Because of their inclusion of even rare auscul- 
tatory abnormalities, they are of use for reference. 

Mucl lit must go to the officials and sound engineers of the Columbia Recording 
( t vithout whose efforts and interest this work would have been impossible 
Phe sist e was largely responsible for the “high fidelity”’ of the records 
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A SIMPLE. MICRO-TEST FOR SULFANILAMIDE AND ITS 
DERIVATIVES IN BLOOD.* 
By Jacon Cuure, M.D., 
AND 


Davip Lenr, M.D., 


NEW ARK, N. J. 
From the Laboratories of the Newark Beth Israel Hospital 
Sare and efficient therapy with sulfanilamide or any of its 
lerivatives is greatly facilitated by frequent determinations of the 
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drug level in the blood. Such determinations, however, are not 
performed as widely and as often as indicated, being limited mainly 
to those who have the services of a hospital or a private laboratory 
at their disposal. The methods used at present for determination 
of sulfanilamide compounds are still too complicated to be applied 
routinely outside of the laboratory. In addition, most of these 
methods require from 0.5 to 2 ce. of blood for a single analysis, an 
amount which necessitates a venipuncture. This constitutes a 
further deterrent when frequent analyses are performed.  Micro- 
methods which utilize 0.1 ec. of blood, for one determination, and 
thus can be performed on finger blood, have been devised. Ilow- 
ever, almost all of them employ a photoelectric colorimeter. The 
bedside micro test proposed by Schoeffel? substitutes direct com- 
parison of color on absorption paper for colorimetric measurements, 
but otherwise does not materially simplify the technique. 


Method. The method presented below requires 0.1 ce. (approximately 
2 to 3 drops) of blood for a single analysis. It is the micro-modification of 
a test? based upon the methods of Kiihnau’ and of Werner" which employ 
the vellow color formed by reaction of sulfanilamide (and its derivatives) 
with para-Dimethylaminobenzaldehyde in acid medium, We have found 
that by the addition of aleohol the intensity of color is considerably increased 
ind, to a great extent, made independent of changes in acidity of the 
medium.’ A further improvement was achieved by the use of a blue glass 
filter’ which eliminates the difficulty of comparing yellow colors by turning 
them into various shades of blue-green. The test can be performed in 
6 to 8 minutes and is extremely simple. It can be applied equally well by 
the technician in the laboratory and by the physician at the patient's 
bedside. Parallel determinations of drug level by the present micro-method 
and the standard method of Bratton and Marshall? on 93 blood specimens 
obtained from patients receiving one of the sulfanilamide compounds 
sulfanilamide, sulfapyridine or sulfathiazole) showed very close agreement, 
the average difference being 0.5 mg. per 100 ec., the maximum difference 
being 1 mg. per 100 ce. Because of its time and labor saving qualities with- 
out loss in accuracy, as compared to diazotization procedures commonly 
applied, the method is now being used routinely in the laboratory of this 
hospital. The results are very satisfactory. 

Reagents.* A. 15°) aqueous solution of trichloracetic acid. 

B. 2° para-Dimethylaminobenzaldehydet (p-BA) in 95° ethyl alcohol 

If stored in a glass-stoppered brown bottle the reagent keeps for at least 
a month. It is almost colorless, if prepared from fresh p-BA. Crystalline 
substance which has turned strongly yellow due to prolonged standing is 
unsuitable for use.) 

C. N/6 HCI (for determination of total sulfanilamide concentration). 

Equipment.t A. Test tubes, 10 mm. in diameter, calibrated at 1.5 ec., 
2 ec., 3 ec. and 4 ec., with rubber stoppers. 

B. Blood pipette, 0.1 ce. 

C. Small (1 inch) funnel and filter paper (Whatman No. 2, 4.25 em.). 


* The reagents are conveniently kept in dropper bottles 

+ para-Dimethylaminobenzaldehyde may be obtained from Eastman Kodak 
Company, Rochester, N. Y. 

t All equipment, including slide comparator with permanent sulfanilamide stand- 


irds, is manufactured by W. A. Taylor & Co., Baltimore, Md 
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D. Graduated centrifuge tubes (for determination of total sulfanilamide 
concentration 

Ek. Comparator (block or slide) with blue glass filter, a set of permanent 
standards (Table 1) and comparison tubes (10 mm. inside diameter) cali- 
brated at 1 and 1.5 ce. 


TABLE 1 COMPOSITION OF PERMANENT NON-FADING STANDARDS 
Kel ( orresponding concentrations 
. 0.25%. HO. of sulfanilamide in blood. 
Ce Ce.) Mg. per 100 cc.) 
0.5 0 1 4 0 
1 0 0.25 8.75 l 
1.5 0.4 8.1 2 
1.9 0.5 7.6 
2.2 0.7 
95 09 6.6 ) 
7 6.0 ( 
() $4 
0 3.7 3.3 10 
0.5% 
) > 0 2.0 15 


Procedure. - De fermination of Free Sulfanilamide : ] Place 1.5 ec, of 
iter in the calibrated test tube 
2. Add 0.1 ec. of blood (drawn from finger or ear lobe) and rinse the blood 


pette several times with the water in the tube. Shake the tube gently 
1 minute or two until the blood is completely hemolyzed. 
5. recipitate the proteins, add 15‘; trichloracetic acid up to the 
2 ce, mark (approximately 8 drops Close the tube with a rubber stopper 


| invert several times This step may he performed immediately follow- 
g 2, or within several hours, 
+. After 2 minutes filter the mixture directly into the comparison tube 


te the ] 


| ec. mark. Instead of filtering, the mixture in the precipitation 


be may be centrifuged for 5 minutes at high speed, and 1 ce. of clear 
pernatant fluid transferred to the comparison tube by means of a capil- 
pipette. This is especially convenient if several tests are run simul- 


5. Add the p-BA reagent up to the 1.5 ec. mark, mix by inversion, and 
pare with the standards in the comparator, either immediately or within 
2hours. In the latter case the comparison tube must be tightly stoppered. 
The p-BA reagent should be shaken before use. 
If the drug level in the blood is found to exceed 10 mg. per 100 ee., 
vccurate determinations are obtained by repeating the test with double 


ition of the blood. For that purpose 0.1 ce. of blood is hemolyzed in 
> cc. of water and trichloracetic acid added up to the 4 ce. mark (about 
IS drops Otherwise the procedure remains unchanged. The readings 
ire multipled by 2 


B. Determination of Total Sulfanilamide. The procedure as described 
ibove remains unchanged up to Step 4. Steps 4 and 5 are modified as 


t. Place 1 ec. of the filtrate or centrifugate in a graduated centrifuge 
ibe, add 1 ec. of N'6 HCI, mix, and heat in a boiling water bath for 1 hour 
n order to hydrolyze the acetylated sulfanilamide. The mixture evapo- 
rates almost completely. Cool to room temperature and bring the volume 
ip to 1 ce. with water. 

5. Add the p-BA reagent up to the 1.5 ec. mark, mix by inversion, transfer 
into a comparison tube and compare with the standards. The readings are 
then multiplied by 1.15 to compensate for the decrease in color intensity 
due to the addition of hydrochloric acid. 
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C’. Determination of Sulfanilamide Derivatives. With appropriate 
standards the test can be applied equally well to the determination of sulfa- 
pyridine, sulfathiazole, and other sulfanilamide derivatives. For clinical 
purposes, sufficiently accurate results can be obtained with these compounds 
by using the sulfanilamide standards for comparison, provided the readings 
are multiplied by the following factors: 

Free. rotal. 
Sulfapyridine 1.5 17 
Sulfathiazole 2.0 


These factors take into account the higher molecular weight of sulfapyri- 
dine and sulfathiazole, the loss in precipitation due to the poor solubility 
of these compounds, and, in determination of total drug concentration, also 
the decrease in color intensity caused by the addition of hydrochloric acid, 


Sources of Error. Similar to the diazo-reaction, the color devel- 
oping with p-BA is not specific for the compounds of the sulfanil- 
amide series but is also given by many aromatic amines, e. q., 
In addition, p-BA forms a vellow color also with 
urea’ and with aliphatic amines except for @-amino-acids.'’  Sig- 
nificant interference can only be expected from the presence of novo- 
caine and other therapeutic agents of similar structure; whereas, in 
the case of urea, the color is about 300 times weaker than that of 
sulfanilamide and will, therefore, even in the presence of severe 
azotemia, Cause errors no greater than 0.5 to 1 mg. per 100 cc. of 
sulfanilamide. No interference can be expected from aliphatic 
amines in body fluids. Likewise, the presence of bile pigments in 
the blood has no influence upon the readings, as these pigments are 
removed with the proteins. 

Summary and Conclusions. A micro test for the determination of 
sulfanilamide and its derivatives in blood is presented. It is based 
upon the yellow color resulting from the reaction between sulfanil- 
amide and p-Dimethylaminobenzaldehyde, which has been stabilized 
and intensified by the addition of aleohol. Readings are facilitated 
by the use of a blue filter. 

The rapidity and simplicity of the procedure make the test espe- 
cially applicable to determinations at the patient's bedside. Because 
of the small amount of blood (0.1 ce.) required for a single analysis, 
the test is particularly convenient for frequent determinations in 
the clinical laboratory as well as in experiments with small laboratory 
animals. 

In 93 parallel determinations on human blood specimens, the 
average difference of values obtained with the method of Bratton 
and Marshall and the present micro-method was 0.5 mg. per 100 ce. 
and the maximum difference 1 mg. per 100 ce. 

The standards are prepared by mixing aqueous solutions of potas- 
sium dichromate (K»CrsO;) and potassium chromate (KeCrO,) with 
water, as given in Table 1. The final mixtures are transferred into 
comparison tubes (ampoule form, 10 mm. inside diameter) and sealed. 
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THe irradiation of ergosterol with ultra-violet light produces 
a series of secondary sterols, at least two of which, calciferol (vita- 
min 1.) and tachysterol, exert a marked effect upon the metabolism 
of calcium and phosphorus. The action of these two substances 
has been studied in detail by a number of observers during recent 
vears.2:7-9 Thus in a comparative study Albright and his co- 
workers? concluded that both calciferol and dihydrotachysterol (a 
derivative of tachysterol) increase the urinary excretion of phos- 
phorus and the intestinal absorption of calcium with the ultimate 
result that the concentration of calcium in the serum is increased and 
that of inorganic phosphorus in the serum is decreased. They state 
that ‘the ratio of the effect on phosphorus excretion to that on cal- 
clum absorption is greater with AT10 (dihydrotachysterol) than with 
Vitamin 1);” they offer this fact as the possible explanation of the 
lack of antirachitic effect of dihydrotachysterol. Both these sub- 
stances have proven highly effective when administered orally in 
the treatment of parathyroid insufficiency, particularly in the 
chronic forms in which the patient frequently becomes refractory 
to parathyroid extract. The addition of extra calcium to the diet 
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is usually unnecessary. The effective dose of calciferol generally 
varies from 6 to 12 mg. (200,000-400,000 vitamin D units) per day. 

The effects of large doses of irradiated ergosterol upon calcium 
and phosphorus metabolism in the normal adult have been studied 
by Bauer, Claflin and Marble.6 They observed an initial temporary 
increase in the fecal excretion of calcium and phosphorus at the 
expense of the urinary excretion; this was immediately followed by 
a marked reduction in fecal excretion of these elements and a marked 
rise in their urinary excretion, without significant change in the 
total balance of either calcium or phosphorus. These changes did not 
depend upon the amount of calcium ingested or upon the calcium: 
phosphorus ratio of the diet. Only slight changes occurred in the 
concentration of calcium and inorganic phosphorus in the serum. 

We wish to report observations upon 2 patients suffering from 
chronic parathyroid insufficiency and upon one subject presenting 
no evidence of abnormal calcium or phosphorus metabolism. 


All of these patients received large doses of calciferol* while on a diet 
low in calcium. The patients were maintained throughout the period of 
study upon diets based upon the recommendation of Bauer and Aub.4. The 
diet as offered to the patients consisted of the following 


Morning: 40 gm. bread 
100 gm. orange juice 
30 gm. bacon 
20 gm. jelly or honey 
5 gm. sugar 
100 gm, farina 
Coffee 
Noon: 100 gm. steak or lean meat 
100 gm. potato 
100 gm. corn 
40 om. bread 
200 gm. apple 
10 gm. jelly or honey 
5 gm. sugar 


Tea 
Evening: 30 gm. chicken 
100 gm, corn 
100 gm. tomatoes 
100 gm. peaches 
40 gm. bread 
10 gm. jelly or honey 
5 gm. sugar 
Tea 
This diet contains approximately 58 gm. protein, 32 gm. fat and 
230 gm. carbohydrate, representing 1440 calories per day. 


The calcium and phosphorus content of all rejected food was calculated" 
and the total daily intake of calcium and phosphorus was determined by 
subtracting these figures from the calculated total content of the daily 


* The calciferol used in this study was donated by the Department of Medical 
Research of the Winthrop Chemical Company, Inc., in the form of capsules of 
Drisdol Concentrated Solution in oil. Each capsule contained 50,000 units of 
vitamin Ds». 
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diet. It should be noted that this diet lacks vitamin D. No medication 
except calciferol was given to any of the subjects. Analyses of samples of 
a hashed daily diet yielded 160 mg. of calcium and 768 mg. of phosphorus. 
The patient’s hospital stay was divided into 3-day periods during which 
ill urine and feces were collected and separately pooled. The limit of 
3-day period for the collection of feces was determined by the appear- 
ance of carmine in the stool. Samples of serum from venous blood were 
collected at the beginning of each 3-day period and at the end of the study 
except in the control subject (see below). The concentrations of calcium 
and inorganic phosphorus were determined by the method of Clark and 
Collip® and Tisdall,"’ respectively. The protein values were calculated 
from specific gravity measurements according to the method of Moore and 
Van Slyke The calcium content of each pooled specimen of urine and 
feces was determined by the method of Shohl and Pedley" and the inorganic 
osphorus content of these specimens by the method of Tisdall.!7 In 
Subject J. P., the concentration of organic phosphorus in the urine was 
likewise determined. 
2 patients with parathyroid insufficiency had been under treatment 
prior to the beginning of our study. Patient L. H. had been taking from 
8 to 12 teaspoonsful of calcium lactate and 10 minims of irradiated ergos- 


terol daily. Patient J. J. had been taking 2 ml. of dihydrotachysterol 
} times weekly. All medication was withdrawn from both these patients 
ore the beginning of this study. When the concentration of caleium 
the serum had reached a level at which symptoms of tetany became 
prominent, the daily administration of 400,000 units of vitamin D, (10 mg. 
ilciferol) was begun and continued thereafter throughout the period of 
study. Subject J. P., who presented no evidence of abnormal calcium or 


phorus metabolism, received the same daily dose of calciferol after 
ir periods of observation without medication, 

Case Reports. (Case 1.—J. J., a married mulatto woman, aged 40, had 
iffered from chronic parathyroid insufficiency since a subtotal thyroidec- 
tomy performed elsewhere for hyperthyroidism in 1927. Her treatment 
time had included large doses of calcium by mouth, low phos- 
phorus diet, viosterol, parathyroid extract and, more recently, dihydro- 
chysterol. The effect of dihydrotachysterol in this patient has been 
reported by two of us in a previous communication.” For 24 months prior 
to the beginning of the present study the [calcium]|* and inorganic [phos- 
horus] in the serum had been maintained at normal levels and her symp- 
toms had been satisfactorily controlled by the administration of 2 ml. of 
dihydrotachysterol (10 mg.) 3 times a week; her diet had been unrestricted. 
Bilateral lenticular opacities were present. There was a small firm mass 
f recurrent thyroid tissue. Tachycardia was occasionally present, but the 
basal metabolic rate remained consistently within normal limits. Dihydro- 
tachysterol was withdrawn on October 10, 1939, and the patient was 
idmitted to the medical division of the Hospital on October 17, 1939, 
vhere she remained until December 16, 1939. Her hospital stay comprised 
nineteen 3-day periods. The results of our observations are shown graphi- 
illy in Figure 1. It is of interest that while the calcium in the serum fell 
from 9.1 to 7.6 mg. per 100 ml. within 3 days after the institution of the low 
calcium diet, it did not change significantly thereafter for 33 days, at 
which time it reached a low point of 7.2 mg. per 100 ml. coincidentally with 
severe parathyreoprival symptoms. This was 43 days after the withdrawai 
of dihydrotachysterol and 36 days after the beginning of the low calcium 
diet. This slow decline is in sharp contrast to the rapid fall in serum 
calcium observed when this same patient was studied after the withdrawal 
f oral calcium therapy in 1937. At that time the serum [calcium] fell from 


nee that 


* { |] denote concentration. 
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8.3 to 5.5 mg. per 100 ml. in 6 days after the withdrawal of the daily dose 
of 16 teaspoonsful of calcium lactate and 10 minims of viosterol. Roentgen 
rays taken October 17, 1939, 29 days after the institution of the caleium- 
poor diet, showed no evidence of decalcification in the skull, spine, pelvis, 
upper extremities and femora. 


The significant changes observed in this patient may be sum- 
marized as follows: 

1. Delay in the appearance of marked parathyreoprival symptoms 
together with failure of the concentration of serum calcium to de- 
crease significantly for 33 days, except for the initial fall which 
immediately followed the institution of the low calcium diet. It 
should be noted that the concentration of inorganic serum phos- 
phorus likewise failed to increase significantly during the same 
33-day period. 

2. The maintenance of a negative calcium balance and a slightly 
positive phosphorus balance prior to the administration of calcif- 
erol. During this period the urinary excretion of calcium was about 
half that of the fecal content. 

3. A rise in concentration of serum calcium beginning by the 
6th day after the institution of calciferol therapy and continuing 
to the 20th day of treatment. 

t. A gradual fall in the concentration of inorganic serum phos- 
phorus beginning by the 6th day and reaching a minimal level by 
the 17th day of calciferol therapy. 

5. A gradual, progressive increase in urinary calcium excretion 
following calciferol therapy with a corresponding decrease in fecal 
calcium so that the negative calcium balance persisted. 

6. A shift of generally similar character in phosphorus excretion 
following calciferol therapy, with persistence of the positive phos- 
phorus balance. 

7. The gradual development of parathyreoprival symptoms on 
the low calcium regimen without medication with relief beginning 
within 4 days after the institution of calciferol therapy and pro- 
gressing thereafter as the concentration of serum calcium increased. 

Since discharge from the hospital the patient has remained on an 
unrestricted diet. She received 300,000 units of vitamin Ds» daily 
until August 16, 1940, and during this period she remained well and 
the serum calcium and inorganic phosphorus remained within 
normal limits. On August 16, 1940, she reported to the Outpatient 
Clinic complaining of anorexia, weakness, loss of weight and tachy- 
cardia. On this date, the serum [calcium] was 16 mg. per 100 ml. 
and the inorganic [phosphorus] was 3.2 mg. per 100 ml. The 
administration of calciferol was immediately stopped and the 
patient received no medication until October 8, 1940, at which 
time the serum [calcium] was 10.3 and inorganic [phosphorus] 
3.1 mg. per 100 ml. From that date until the time of writing 
(May 28, 1941) the daily dose of calciferol has been 200,000 units 


EFFECT OF LOW CALCIUM DIET AND CALCIFEROL O95 


of vitamin 1D. It may be noted that her present maintenance dose 


of calciferol is 35 mg. weekly as compared with a previous satisfactory 
maintenance dose of dihydrotachysterol which was 30 mg. weekly. 


2.--L. H., an unmarried white woman, aged 47, underwent a sub- 
total thyroidectomy for hyperthyroidism elsewhere in 1923. This was 
followed by bilateral paralysis of the recurrent laryngeal nerves, necessi- 
tating a tracheotomy, and by severe symptoms of parathyroid deficiency. 


Casi 


rhe patient was first seen by us in 1927, at which time bilateral lenticular 
acities were found. There has been little change in these to date. The 
aicium 


Inorganic Phosphorus 


Fic. 1 Patient J. J. (chronic 


| 


hypoparathyroidism). 


In Figures 1, 2 and 3 are shown the amounts of calcium and phosphorus ingested per 

i period; the urinary and fecal excretion of calcium and inorganic phosphorus 

period; and the concentrations of calcium and inorganic phosphorus in 

he s m before and during the daily administration of 400,000 vitamin D units of 
patient has been under continuous observation since 1927 


Two para- 
hyroid transplants were made in 1928, with little, if any, benefit. Therapy 
had included large doses of calcium, vitamin D, parathyroid extract, desic- 
cated thyroid, a diet low in phosphorus and the administration of dihydro- 
tachysterol. The effect of dihydrotachysterol in this case has been described 
by two of us in a previous communication.” The patient’s symptoms were 
fairly well controlled by a combination of large doses of calcium and small 
doses of dihydrotachysterol from December 20, 1937, to February 14, 1939. 
She was unable to afford an adequate dose of dihydrotachysterol. From 
February 14 to March 29, 1939, she received no therapy. The daily dose 

10 teaspoonfuls of calcium lactate and 1 ml. of dihydrotachysterol every 


il 
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other day was stopped on February 14, at which time the concentration 
of calcium in the serum was 10.3 mg. per 100 ml. and that of inorganic 
phosphorus in the serum was 3.2 mg. per 100 ml. The subsequent decline 
in serum [ealeium] and the rise in inorganic serum [phosphorus] were slow. 
The concentration of calcium in the serum did not fall below 8.5 mg. per 
100 ml. until March 27 (41 days after the withdrawal of dihydrotachysterol) 
at which time it reached 6.9 mg. per 100 ml. and symptoms of tetany for 
the first time became severe. The concentration of inorganic phosphorus 


Inorganic 
Phosphorus 


INTAKE 


| | 
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in 
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4 6 8 8 

Three jay per 4 


Fic. 2.— Patient L. H. (chronic hypoparathyroidism). 


in the serum was 5.5 mg. per 100 ml. on this date. From March 28, 1939, 
until December 29, 1939, the medication consisted of large doses of vita- 
min D, (200,000 to 300,000 units daily) with occasional, irregular, self- 
administered doses of calcium. In July, 1940, an artificial menopause was 
induced by irradiation because of menorrhagia associated with multiple 
uterine fibroids. Because the patient believed that she felt better when 
taking calcium, the large doses of vitamin D, were stopped on December 29, 
1939, and from this date until the beginning of the present study her medi- 
cation consisted of from 8 to 12 teaspoonfuls of calcium lactate with 10 min- 
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viosterol daily ; the diet was unrestricted. On this regimen her symp- 
toms were fairly well controlled and the serum [calcium] varied from 8.6 to 
10.7 mg. per 100 ml. and the serum inorganic [phosphorus] from 3.4 to 
1.2 mg. per 100 ml. All medication was stopped on September 17, 1940 
ind on this date the patient was readmitted to the hospital where she 
remained under observation until October 15, 1940. She was kept on a 
cium diet as previously indicated. By September 26 the serum 
calcium} had fallen to 7 mg. per 100 ml., the inorganic [phosphorus] had 
risen to 6 mg. per 100 ml., and symptoms of parathyroid insufficiency 
vere prominent. On September 27, the daily administration of 400,000 
tamin D units of caleiferol was begun and continued regularly until the 
a the period of study October 15, 1940. The results of our observa- 
own in Figure 2, 


Che significant changes observed may be summarized as follows: 

\ fall in the concentration of serum calcium and coincidental 

appearance of symptoms of tetany following the withdrawal of 

calcium therapy in a much shorter time than the similar changes 
observed after the withdrawal of dihydrotachysterol. 

2. A generally negative calcium balance except during the 

econd, third and fourth periods following the institution of calciferol 


‘he maintenance of a generally positive phosphorus balance 
throughout the period of study. 

!. A rise in the concentration of the serum calcium beginning 
by the jd day after the institution of calciferol therapy and reaching 
a maximum by the ISth day of treatment. 

5. A fall in the concentration of the serum inorganic phosphorus, 
eginning by the 6th day and reaching a minimum by the ISth day 


reatment. 


6. A gradual, progressive increase in the excretion of urinary 


calcium and phosphorus following calciferol therapy with a corre- 
ponding decrease in fecal calcium and phosphorus. 


7. A progressive decrease in parathyreoprival symptoms corre- 
ponding with the rise in serum calcium and the fall in serum inor- 
ganic phosphorus which followed the administration of calciferol. 


Cont Subject. R. P., a white male, aged 42, had been under observa- 
ind treatment in the neurological division since September, 1935, suffer- 

ng from myotonia atrophica. The patient was totally blind as the result 
an accident many years before. His treatment had consisted of pro- 


tigmine, ephedrine, amphetamine, and more recently, glycine. The his- 
tory and findings presented nothing to suggest abnormality of calcium or 

osphorus metabolism. The important physical findings included absence 

both eves, muscular atrophy involving the neck and upper extremities, 

yotonia, and diminution or absence of tendon reflexes. The concentra- 
alcium and inorganic phosphorus in the serum on admission were 
10.3 and 4.2 mg. per 100 ml., respectively. The patient was under obser- 
vation in the hospital from June 5, 1940, to July 6, 1940. During this time 
he was constantly maintained on a low calcium diet as indicated previ- 
ously. The concentrations of calcium, inorganic phosphorus and protein 
in the serum were determined at the beginning of the period of study and 


| 
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at intervals of 7 days thereafter. On the 13th day of study the daily admin- 
istration of 400,000 vitamin D units of ealciferol was begun and continued 
until the end of the period of observation. Our findings are shown in 
Figure 3. 


~ 
Inorgani 
a m 

Phosphorus 

er 


| 


Fic. 3.—Patient R. P. (myotonia atrophica; no evidence of parathyroid disease 


The significant changes observed may be summarized as follows: 

1. An increase in the concentration of serum calcium = which 
followed the administration of calciferol and reached a maximum 
by the 15th day of therapy. 

2. A slight, gradual, irregular decline in the concentration of 
serum inorganic phosphorus, beginning after the administration of 
calciferol and reaching a minimum by the 15th day of therapy. 

3. The maintenance of a negative calcium balance throughout 
the period of observation. 

+. The maintenance of approximate phosphorus equilibrium 
throughout the period of observation. 
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>. A progressive decline in the urinary excretion of calcium 
before calciferol therapy. Following the administration of calciferol 
there was a gradual rise in urinary calcium excretion with a corre- 
sponding decrease in fecal calcium concentration. 

(. A gradual, progressive increase in the urinary excretion of 
both total and inorganic phosphorus after the beginning of calcif- 
erol with a corresponding decrease in the concentration of fecal 
phosphorus. 

‘The observations noted in this subject are in general similar to 
those reported by Bauer, Marble and Claflin® in normal subjects 
see above) with two exceptions: First, we did not observe the 
initial temporary increase in the fecal excretion of calcium and 
phosphorus which they noted immediately after beginning vita- 
min 1); and second, the changes occurred in our patient with much 
smaller doses of vitamin 1) than those required to produce similar 
changes in their subjects. 

Comment. ‘The observations reported in Cases | and 2 confirm 
previous reports concerning the effectiveness of large doses of calcif- 
erol in the treatment of chronic parathyroid insufficiency.>?" 
Our results, however, do not confirm the opinion of Klatskin* 
that at adequate intake of calcium is necessary for the effective 
action of calciferol. The finding in Cases 1 and 2 of a negative 
calcium balance before the institution of therapy is not in agreement 
with the statement attributed to Aub and his co-workers by Ander- 
son and Lyall’ that patients with parathyroid insufficiency remain in 
calcium equilibrium despite a calcium intake as low as 100 mg. a 
day. The changes, both absolute and proportional, in the urinary 
and fecal excretion of a calcium and phosphorus following calciferol 
therapy in Cases | and 2 are in general similar to those reported by 
\lbright and his associates.” 

The chief interest in our observations on the 2 patients with 
parathyroid insufficiency attaches to the fact that neither a normal 
calcium intake nor an “optimal” calcium:phosphorus ratio in 
the diet was necessary for the characteristic effect of calciferol 
upon calcium and phosphorus metabolism and the concentration of 
these substances in the serum.* It would appear inevitable that the 
prolonged maintenance of a negative calcium balance would result 
in exhaustion of body stores of calcium and in decalcification of the 
bones. Our observations were not continued over a sufficient period 
to ascertain whether such decalcification would occur. Patient 
}. J. (Case 1), however, showed no Roentgen ray evidence of 
decalcification of the bones, after she had been in negative calcium 
balance for 21 days. After she had taken 200,000 to 400,000 
itamin |) units of calciferol daily for 15 months, with unrestricted 
diet, Roentgen rays of the skull showed some evidence of decalci- 


It will be noted that the calcium: phosphorus ratio in our patients’ diets was 
upproximately 1;4, and thus rachitogenic in type. 
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fication of the cranial vault. There was no evidence of decalci- 
fication of the long bones, spine or pelvis at this time. 

[t is also of interest that in Cases 1 and 2, the withdrawal of 
dihydrotachysterol was followed by a much slower return of serum 
calcium and inorganic phosphorus to their parathyreoprival levels 
and by a slower reappearance of parathyreoprival symptoms than 
was observed on other occasions following the withdrawal of calcium 
therapy. This suggests the possibility that dihydrotachysterol 
may be stored in the body. All 3 subjects remained in negative 
calcium balance. The 2 parathyreoprivic patients showed a positive 
phosphorus balance, whereas the “normal” control subject remained 
in approximate phosphorus equilibrium. Changes in organic 
urinary phosphorus excretion in the “normal” subject (J. P.) 
were not of such a character as to permit conclusions regarding their 
significance. The concentrations of serum protein in the para- 
thyreoprivic individuals remained essentially unchanged, excepting 
that in Patient J. J. there was a fall of 1.1 gm. in serum protein 
coincident with the initial decrease in serum calcium. 

Despite much speculation and the development of several theories, 
the actual mechanism whereby the parathyroid hormone regulates 
calcium and phosphorus metabolism remains in doubt. Likewise, 
the manner in which dihydrotachysterol and calciferol produce 
their characteristic effect upon the blood levels of calcium and 
phosphorus is not yet entirely clear. Three theories have been 
advanced to explain the primary action of the parathyroid hormone: 

1. Albright and his group! suggest that the primary effect is 
upon the renal threshold for phosphorus and that the urinary 
excretion of phosphorus is the key factor in the regulation of calcium 
and phosphorus metabolism. 

2. Thompson and Collip'® suggest that the parathyroid hormone 
acts directly to affect the delivery of calcium from the bones into 
the serum by stimulating osteoclastic activity. They point out that 
the characteristic effect of the parathyroid hormone upon osteo- 
clastic activity can be produced despite total nephrectomy. 

3. Shelling’ concludes that the parathyroid hormone controls 
the solubility of calcium and of inorganic, and possibly organic, 
phosphorus in the serum. In this connection, he points out that the 
serum is actually supersaturated with calcium and phosphorus and 
suggests that some humoral effect must be invoked to explain this 
apparent paradox. 

The problem would appear to revolve largely around the recip- 
rocal relationship between the concentration of calcium and 
inorganic phosphorus in the serum. The exact mechanism by which 
this relationship is maintained unfortunately still remains obscure. 

Albright’s explanation of the mode of action of calciferol has 
been referred to in our introductory paragraph. It should be noted 
that the observations of Tweedy and his co-workers'* tend to refute 
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this theory. These workers were able to obtain the characteristic 
fect ts of calciferol upon serum calcium in nephrectomized rats and 
concluded that the primary action of calciferol was to decrease the 
intestinal excretion of calcium. It is possible, however, that 
nephrectomy may alter the usual mechanism by which calciferol acts. 

‘The increase in the concentration of serum calcium which occurred 
in our patients could have resulted from one or more of the following 
causes 

|. (a) An increase in the absorption of calcium from the intestine; 

b) a decrease in the excretion of calcium from the circulation into 
the intestine. 

2. Increased delivery of calcium into the serum from body stores 

skeleton). 

The greatest increase noted in the concentration of serum calcium 
in any of our patients was 4.2 mg. per 100 ml. of serum which 
would indicate a total increase of approximately 100 mg. of calcium 
in the circulating serum. Furthermore, this increase occurred over 
a period of 18 days. Our data do not permit comment upon the 
possible mechanisms involved in producing the changes observed in 
the concentrations of serum calcium, since gain or loss of such 
amounts of calcium over a period of 18 days cannot be detected by 

urrent methods of balance studies. 

Summary. Observations on calcium and phosphorus metabolism 
have been made upon 3 subjects (2 with chronic hypoparathyroidism 
and | control with myotonia atrophica without evidence of para- 
thyroid disease). These observations were made before and during 
the daily administration of 400,000 units of vitamin Ds (calciferol). 
Throughout the period of study the subjects were maintained upon 
diets low in calcium and containing slightly less than average normal 
amounts of phosphorus. The calcium and phosphorus contents of 
irine and feces were determined throughout the period of study and 
periodic determinations of the serum concentrations of calcium, 
inorganic phosphorus, and protein were made. The urinary excre- 
tion of organic phosphorus was likewise determined in the subject 
without parathyroid disease. 

The results of our observations may be summarized as follows: 

|. In the patients with hypoparathyroidism, serum calcium and 
inorganic phosphorus gradually returned to normal levels following 
the administration of calciferol. There was concomitant dis- 
appearance of parathyreoprival symptoms. 

2. The urinary excretion of calcium and phosphorus increased 
following the administration of calciferol in all 3 subjects. This 
increase occurred at the expense of the fecal intents of calcium and 
phosphorus. 

3. All 3 subjects remained in negative calcium balance through- 
ut (7. e., the estimated excretion of calcium was greater than the 
estimated calcium intake). 


| 
| 
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}. The 2 patients with hypoparathyroidism remained in positive 
phosphorus balance; the “normal” control subject was in approxi- 
mate phosphorus equilibrium throughout. ‘ 

5. The “normal” control subject developed no symptoms before 
or after the administration of caleiferol. The changes in his serum 
calcium and inorganic phosphorus following calciferol were. slight 
but qualitatively similar to those observed in the parathyreoprivic 
subjects. 

Conclusions. |. l’atients suffering from chronic hypoparathy- 
roidism may show a negative calcium balance, when the calcium 
intake and the calcium:phosphorus ratio in the diet are low. 

2. Large doses of calciferol (vitamin 1.) are effective in relieving 
the svmptoms of parathyroid deficiency and in restoring the serum 
concentrations of calcium and inorganic phosphorus to normal levels 

4. Neither a normal calcium intake nor an “optimal” cal- 
cium: phosphorus ratio in the diet is hecessar) for the effective 
action of large doses of calciferol. 
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IN 1938%¢ and 1939%° we reported the use of guanidine in the treat- 
ment of myasthenia gravis. Viets and Schwab’ also reported in 1939 
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that they had given guanidine alone or with prostigmin to 25 pa- 
tients with myasthenia gravis and had obtained some beneficial 
responses in one-third of the cases and good results in 4. In our 
econd paper we were able to give the results of treatment of 5 
patients, one of whom had taken the drug for a little over a year. 
We have continued to follow 3 of our origina! patients and have had 


an opportunity to treat 3 new patients with guanidine. Following 
uur second report we received letters from several physicians who 
vished to know in greater detail how to use guanidine. In the 
iutumn of 1940 we wrote to these physicians asking for a statement 


their experience with the drug and received reports on the results 
21 cases. We have also heard from members of the pediatric 
taff of the Johns Hopkins Hospital concerning the use of guanidine 
in children The purpose of this paper Is to review the subject of 
guanidine treatment In myasthenia gravis. in the light of accumu- 


ated experrence 


Vanderbilt’ s New Cases of Myasthenia Gravis. (se 1. A 54-vear-old 
! weighed 141 pounds, developed difficulty with speech, swallow- 

5 years before admission to the hospital. A spontaneous 

<vmptoms occurred but this was followed by a relapse. A 

ig myasthenia gravis was made and prostigmin and ephedrin 
e returned 2 vears later greatly improved, She was again in 
it had difficulty in talking and eating and toward evening 
weak without medication, Ergographic tracings showed 
efinite provement in muscle strength following the ingestion of a single 
Q mg. of guanidine hydrochloride per kilo of body weight There 
pronounced and less well sustained response to 0.5 mg. of prostig- 

ted hypodermically. She was given 250 mg. of guanidine a day 


ter her dose was increased to 500 mg. Ephedrin and prostigmin were 

ed. A recent letter states that she experiences no difficulty in 

r swallowing and does not feel tired at the end of the day. She 
stronger when taking guanidine and wishes to continue using it 

( 2 \ 72-vear-old man developed generalized weakness 4 years 


nths before admission he found that he had to hold his eyelids 
fingers in order to see Two months before admission he de- 
ped difficulty in swallowing. He had stayed in bed for several months. 


Prostigi > to 6 tablets a day, brought about marked improvement. 
Che patient | ad advanced arteriosclerosis and Was greatly depressed by his 
! and the hopeless condition of his wife’s health. He was very 


e so that it was hard to evaluate the results of medication. 
heless, he was obviously much stronger when he took 325 mg. of 
hydrochloride and 3 15-mg. tablets of prostigmin daily. Shortly 

er he leit the hospital his wife died and he committed suicide 


58-year-old naval officer! developed typical myasthenia 
is 2 years before admission to the hospital. He had ptosis of the upper 
lifficulty in breathing, talking, swallowing and later in walking. He 
treated with prostigmin. On several occasions when his supply of 
stigmin was limited he almost suffocated. In December, 1939, he began 
take guanidine hydrochloride, 250 mg. 5 times a day. together with 6 
hlets prostigmin. He still had trouble eating his breakfast and at 
nes could not speak clearly. In September, 1940, he came to this hospital 
here his dose was changed to 12 guanidine tablets of 125 mg. each and 


10 15-mg. tablets of prostigmin. He responded excellently for a while but 


| 


704 DODD, RIVEN, MINOT: 


soon gastro-intestinal symptoms developed. Subsequently, under the diree- 
tion of various physicians different combinations of the two drugs have 
been tried with only partial suecess. In a recent letter he states that he is 
now taking 7 guanidine and 10 prostigmin tablets every 24 hours and that 
this ‘‘holds him on a fairly even keel.” In this individual prostigmin and 
guanidine seems to cause gastro-intestinal symptoms easily. Tincture of 
belladonna, 10 minims 3 times a day, relieves the gastro-intestinal distress. 
[It seems possible that a different combination of the 2 drugs or a change in 
the interval of dosage might result in a sustained response and eliminate 
the gastro-intestinal symptoms without the use of atropine 

Vanderbilt’s Cases. Follow-up on Old Cases. VW. 0., Case 2 of Original 


Paper. A 37-vear-old woman with myasthenia gravis of more than 5 
vears’ duration had been maintained fairly satisfactorily on prostigmin. In 
January, 1938, she was started on guanidine medication. The dose was 


increased gradually (in the light of later experience needlessly slowly) to 
30 to 35 mg. per kilo of body weight daily. At the end of 15 months she felt 
well, could do light housework and take automobile rides, but could not 
walk far because her knees tired easily. She continued the rather high daily 
dose of guanidine for several months at which time she found that satis- 
factory strength could be maintained with smaller amounts. At present 
he is taking 1.25 gm. of guanidine, or about 18 mg. per kilo, daily, in 
livided doses and supplements this with 2 or 3 15-mg. tablets of prostigmin 
At no time has she experienced untoward symptoms from the long continued 

I guanidine The weakness ol her knees has disappeare d She does her 
own housework and leads a normal social life. She was able to work as a 
clerk in her husband's hardware store for half of each day during the Christ- 
Mas rush She has no periods of marked weakness at any time and no 
indue fatigue at the end of the day. On a recent physical examination no 
abnormalities were found. The urine was normal, the blood pressure 120 S80 
and muscle tone excellent. Although this patient exhibits no evidence of 
mvasthenia gravis while under appropriate medication, she is not in a spon- 


se 0 


taneous remission because symptoms of weakness recur if treatment is 
withheld. 

H. W. C., Case 3 of Original Paper. A 47-year-old woman who had 
myasthenia gravis had, for economic reasons, taken inadequate amounts of 
prostigmin for several years. In May, 1938, guanidine medication was 
started. She was soon taking 20 to 25 mg. per kilo of body weight per day 
During the first vear of medication she was able to do more work than she 
had done for some vears, but still tired easily. At about this time she 
experienced considerable discomfort, associated with symptoms typical of 
the menopause. She felt unable to undertake anything which required much 
muscular exertion. However, she could paint or sew for several hours with- 
out fatigue, there was no tiring of her voice in conversation, and her facial 
expression was normal and animated. Now, nearly 3 vears since the begin- 
ning of guanidine treatment, she is in much better general health and is able 
to be considerably more active. She does her own housework, takes short 
walks and joins in more social activity than formerly. She has continued 
to require 20 mg. of guanidine hydrochloride per kilo per day. Weakness 
rapidly returns with the omission of a dose or two. She takes prostigmin 
occasionally during automobile trips or before some social function. She 
has been examined several times by her physician during the past year 
Her blood pressure which for several years had been 170 to 200 over 110 
to 120 has fallen since the menopause to 140 to 15090. Although careful 
attention to medication continues to be necessary this woman now leads 
a nearly normal life. She states that she feels better than at any time since 
she developed myasthenia. 
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WM. G., Case 5 of Original Paper. A 32-year-old woman who had had 
vasthenia gravis for over a year entered the hospital in August, 1938, in a 
ipse. In spite of prostigmin medication there were frequent periods 
ing the day when she was unable even to swallow her saliva. She was 
tarted on guanidine medication, supplemented shortly with potassium 
itrate. Her required dosage was 40 to 45 mg. of guanidine per kilo of body 


eight. She was discharged markedly improved and by October was up 
nd about the house most of the time. She did not feel extremely weak at 
y time in the 24 hours. She continued for 6 months to take the same large 


nt 


guanidine hydrochloride, usually supplemented with 8 ec. of 
sium citrate 3 times a day. At the end of this period she com- 
diarrhea, intestinal cramping and nervousness. The daily ration 
e Was decreased without impairment of muscle function. The 
esirable symptoms disappeared. During the last year 20 to 25 mg. of 


nidine per kilo per day, intermittently supplemented with potassium 


trate, has proved to be satisfactory therapy. She married a few months 

igo and leads a normal active life. A recent physical examination revealed 
ibnormalities attributable to her mvasthenia or her medication. 

Other PI ictans’ Cases We have received reports ol the treatment of 

l case mvasthenia gravis in which sufficient details were given so that 

rm some judgment of the value of guanidine therapy. In every 

tance myasthenic symptoms were improved. In 4 cases guanidine was 

idered markedly beneficial. One man has taken guanidine for 5 months 

the drug for 24 hours he cannot chew or swallow or get about 

Vith dai edication he has no trouble. Three patients in England, all 

re doing fairly well with prostigmin alone, now take 500 mg. of 

lanidine 3 to 4 times a day together with prostigmin, Their physician * 

that these patients are better on the combination of guanidine and 

tigmin than on either drug alone, but that the response to guanidine is 

t ed than that to prostigmin. One ol his patients has had a ras} 

but is so pleased with the way she feels when taking guanidine 


é inwilling to omit it even for a few days in order to find out 
drug is responsible for the rash. A fifth patient from California‘ 
ed a severe relapse in which prostigmin alone was ineffectual. Sup- 

entary guanidine was administered intravenously in doses which on 
daa exceeded 1800 mg In a subsequent relapse massive doses of 

inidine together with frequent injections of prostigmin were not effective 
1 t tient died. The other 16 patients in the group all responded to 
an increase in muscle strength but for one reason or another 


re not iintained on the drug or were not followed by their physicians. 
ret them died of myasthenia or from some other cause; several were 
t rhit one could no longer obtain the drug because of high customs 
tie ind 3 discontinued medication because of nausea and vomiting or 
her unpleasant symptoms. In at least 2 of the latter patients the guani- 

dosage seemed to us to be poorly spaced, too large an amount being 
en at e time Such a small group Ol case reports, In most ol which the 
ta are rather meager, does not lend itself to a satisfactory evaluation of 
inidine in the treatment of myasthenia. Nevertheless, we are impressed 
tha { 


ving facts: in no instance did the patients fail to obtain sympto- 
itic relief and 4 patients responded admirably to guanidine treatment. 
At the Johns Hopkins Hospital* 4 children on whom a diagnosis of myas- 


enia gravis has been made have been treated with guanidine. The first 

patients have weakness of the muscles of the face, eyes, mouth and 

irvnx v. The weakness is remittent. For them guanidine is ineffect- 

il. The fourth patient had easy fatigue and weakness for 4 months before 
* 


Personal communication. 
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admission and later drooping of the lids, slowed speech and difficulty in 
chewing and swallowing. Definite improvement in muscular strength fol- 
lowed the administration of prostigmin. She was given guanidine. The 
doses were gradually increased up to 10 mg. per kilo per day. Her strength 
increased and speech and swallowing improved. She had a spontaneous 
remission during which she required no medication. In a later relapse 
guanidine again produced improvement. When she was tried without 
medication or when placebos were substituted for guanidine, she became 
too weak to do anything actively. At present guanidine has been adopted 
as the most satisfactory therapy. On an amount somewhat greater than the 
original 10 mg. per kilo of body weight she is able to carry on the activities 
of a normal child. It seems possible that the other 3 children in whom 
weakness was localized suffered from some other form of muscular weakness 
than that usually diagnosed myasthenia gravis. 


Discussion. [*xperience has reémphasized the need for  indi- 
vidualization in determining both the total daily dose and the 
appropriate spacing of doses for a given person. Diabetics and 
myasthenics are alike in that once the proper program of medication 
is established frequent modifications are unnecessary. Some 
myasthenics are very weak in the morning and need a large fraction 
of their total medication early in the day; others go through the day 
fairl, well and need their greatest “lift”? in the evening. Some can 
take the daily ration of guanidine subdivided into as few as 5 doses 
with evenly sustained strength and no gastric distress. Others do 
much better with a greater subdivision of the total amount. In our 
experience, it requires about 10 days of close observation to work 
out a satisfactory therapeutic schedule. Once this is accomplished 
the patient may be allowed to follow the plan independently with 
reasonable assurance that there will be no sudden change, either in 
drug requirement or tolerance. Kither periods of weakness. or 
gastro-intestinal unrest constitute signals that further adjustment 
of the treatment schedule is necessary. Two of the 3 patients we 
have treated for long periods require less guanidine now than at the 
beginning of treatment. The indication for decreasing their dosage 
was the appearance of mild gastro-intestinal svmptoms and nervous- 
ness. We found that the dose could then be decreased to a level 
which no longer caused toxic symptoms without forfeiting the im- 
provement in muscle function. 

As we observe and compare the actions of guanidine and pro- 
stigmin in our patients it appears that guanidine gives a more 
sustained response. It perhaps never produces quite the feeling 
of well-being experienced at the height of prostigmin reaction and 
is never followed by the sensation of sudden “let down” as the effect 
wears off. Given their chaice, our patients all prefer guanidine 
with its constant, steady effect, with prostigmin as a “cocktail” 
before an occasional social function, or some unusual activity. 

We have no satisfactory explanation for the increased tolerance 
for guanidine exhibited by patients with myasthenia gravis. We 
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hownm that myasthenic patients do not excrete unchanged 
any greater proportion of administered guanidine than do normal 
individuals. Neither do they tolerate without symptoms a_per- 
istently higher level of guanidine in the blood than do normal 
people. Whether their ability to ingest and retain guanidine is 
due to more rapid transformation of the drug to some non-toxic 
compound or to an ability to store it unchanged in tissue cells are 
questions which remain unanswered. 

The mechanism through which guanidine exerts its effect on 
muscle function in myasthenia gravis is not known. Neither is the 
essential mechanism responsible for the effectiveness of prostigmin 
completely understood. The duration of the improvement of muscle 
function following a dose of prostigmin coincides with the time 
during which the activity of serum choline esterase is markedly de- 
pressed by the drug. The presumption is often made that there ts a 
causal relationship between the depression of esterase activity and 


improved function. The effect of guanidine hydrochloride on 
choline esterase activity has been studied.' No inhibitory effect 
vas demonstrated even with much higher concentrations of guan- 


idine than can be maintained in the living animal organism. Recent 


tudies by Osterhout,® working with simple forms, demonstrated 
that guanidine restores the potassium effect and irritability to cells 
of Nitella after these properties have been lost by leaching the cells 
distilled water. More extensive studies of this nature probably 
fer the greatest hope of an ultimate explanation of the mechanism 
responsible for the dysfunction 
erapeutic action of various drugs. 

Conclusions. (iuanidine hydrochloride causes temporary im- 


mvasthenia gravis and for the 


t} 


provement in muscle function in most patients with myasthenia 


grav \Mvasthenics have an increased tolerance to guanidine. 
‘rolonged medication produces sustained improvement in muscle 
netion without harmful effects. As a rule, less of the drug ts 
required after se\ eral months of adequate medication. Individual 
ittention Is necessary to establish a proper schedule of medication 
but frequent readjustment of the guanidine ration is thereafter 
nnecessar Guanidine, unlike prostigmin, does not inhibit the 


activity of choline esterase. It may play a fundamental réle in 
restoring irritabilits to cells. 
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the Philadelphia General Hospit 

‘THE association of primary carcinoma of the liver with he MOC ‘hro- 
matosis has been commented on by 
Little thought is given to them in clinical practice because both 
conditions are uncommon and iy two together quite rare, In the 
Vast majority of instances the diagnosis of either disease is first 
made only at the time of surgical exploration or at necropsy. In 
not a single instance, to the best of our knowledge, has a correct 
preoperative or premortem diagnosis been made when both were 
coéxistent. It is our purpose in this communication to emphasize 
the frequency with which these morbid processes tend to be asso- 
ciated and to call attention to several features which, if duly con- 
sidered, may lead to a diagnosis of their coéxistence. 

Ineidence of Primary Carcinoma of the Liver in Hemochromotosis. 
From Jan. 1, 1920, to Dec. 31, 1940, autopsies were performed at 
the Jefferson Hospital on 3 cases of hemochromatosis, 2 of which 
had, in addition, a primary carcinoma of the liver. Autopsies on 
12 cases of hemochromatosis were performed at the Philadelphia 
General Hospital between Jan. 1, 1920, and Dec. 31, 1939. Only 
one of these was associated with a primary carcinoma of the liver. 
At these two institutions, therefore, out of 15 cases of hemochroma- 
tosis (11 males, 4 females) encountered in the course of routine 
postmortem examinations 3 (20°), were complicated by a primary 
hepatic malignancy. In Table 1 has been tabulated several reports 
which together survey the subject up to 1938. To them our own 
figures have been added. The average of these establishes the inci- 
dence of primary carcinoma of the liver in hemochromatosis as 7.3%. 

Advanced portal cirrhosis is almost invariably a feature in the 
liver in hemochromatosis. Evidence of such a cirrhosis was present 
in every case in our group. There are two contending views as to 
the incidence of primary carcinoma of the liver in hemochromatosis. 
Several authors state that the incidence is no greater than that in 
uncomplicated portal cirrhosis,®:*6****! while others believe that 
there is an increased incidence due to the added factor of pigmenta- 
tion. 72. Of a total of 950 cases of cirrhosis of the liver of all 
types and grades occurring at the Jefferson and Philadelphia General 


Hospitals 


Ca 


nar 


pare 
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$2 (3.4°7) were complicated by the development of pri- 


rcinoma of the liver (Table 2). This incidence is to be 


d with that of 200% of hepatic cancer in cases of hemochro- 


matosis at the same institutions (Table 1). 
INCIDENCE OF PRIMARY CARCINOMA OF THE LIVER IN HEMOCHROMATOSIS 
No. witl © primary car 
N f cinoma of liver 
of her hemo 
Yen ma hromatosis 
= 1931 52 11.5 
= 1935 345 20 5.8 
We 4 ind Laurence 1938S 24 5 12.5 
1941 15 0) 
1.2 
ce oF Primary Carcinoma oF LIvER IN Hepatic CIRRHOSIS 
Yea af « rh hos 
1921 LOS 7 5 
1922 149 2.8 
1926 12S 6.2 
( 1926 127 3.9 
1931 264 4 3.4 
I 1932 OS ri 10.3 
1937 ll 4.5 
| 1939 G4 12 12.7 
B 1941 950 32 3.4 


\ series of reports on the-incidence of primary hepatic carcinoma 
is of the liver to which our own has been added is tabu- 

The average of these is 4.567, which is in contrast 
~ for the same complication in hemochroma- 


irrho 


I ( 


ated in ‘Table 2. 


with the a 


verage of 7.5 


tosis (Table 1 
I i INCIDENCE OF CIRRHOSIS IN PRIMARY CARCINOMA OF LIVER 
No 

prima / rhosi 

noma No. w ircinoma 
Year liv cirrl f live 
1931 244 82.7 
I 1932 134 OS 
1932 12 1] 91.6 
Brines 1933 11 2 18.1 
SI 1933 25 9 36.0 
B Me ks 1934 28 12 42.8 
I 1937 6 6 100.0 
( ‘ 1937 1S 1] 61.1 
(;us 1937 b2 51.6 
Lo ! 1939 14 12 85.7 
Gree 1939 1SY 19.0 
Berk ‘ 1941 82 32 39.0 
Average 1073 658 61.3 


further perusal of our records showed a total of 82 cases of pri- 
mary carcinoma of the liver in only 32 (39%) of which there was an 
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associated cirrhosis. Table 3 is a tabulation of a series of similar 
reports, including our own. The average of these indicates that 
cirrhosis is present in but 61.3¢% of all cases of primary hepatic 
carcinoma,'’’!!2! Tt appears, therefore, that some factors in addi- 
tion to the cirrhosis must be instrumental in the production of 
malignant transformation of the liver in hemochromatosis. 

Diagnosis of Primary Carcinoma of the Live r mn Hi mochromatosts. 
Diagnosis is dificult when both primary carcinoma of the liver and 
hemochromatosis are coéxistent because many of the clinical mani- 
festations of each are common to both. Several features, however, 
are far more common to primary carcinoma of the liver than to 
uncomplicated hemochromatosis and in their presence the clinical 
suspicion of coéxistent disease is warranted. 

Duration of Symptoms. Hemochromatosis is notoriously il chronic 
; It has been estimated that in order to 
account for the amount of iron retained, the onset of the disease 
must be dated back 30 to 50 vears from the time a diagnosis is made. 
In SY instances the average period that elapsed between the first 
calling of medical advice and death was 1S} months.“* The short- 


disease of long standing. 


ness of this period. was due to the large proportion of cases dying 
from diabetic coma in pre-insulin days, and there is now indication 
that it will be considerably lengthened through the use of Insulin 

Patients with primary carcinoma of the liver, on the other hand, 
rarely live more than 4 months after the onset of symptoms, 
even when the malignancy is found in association with hemochro- 
matosis.2” 

Whenever, therefore, a known or suspected case of hemochroma- 
tosis presents a symptom complex of short duration and rapid pro- 
gression a complicating hepatic cancer should be suspected. 

Abdominal Pain. Subjective abdominal symptoms in hemochro- 
matosis are rare.“6 Abdominal pain is the commonest of these vet, 
excluding those with complicating carcinoma of the liver, pain was 
present in only 21 of the 311 cases reviewed by Sheldon.* Of our 
12 patients with hemochromatosis uncomplicated by malignancy 
pain was described by 3, and in 2 of these it was preagonal. 

Abdominal pain in patients with carcinoma of the liver is a promi- 
nent feature? In all 3 of our patients with both 
hemochromatosis and carcinoma of the liver, pain was present and 
Was an outstanding complaint. 

The presence, then, of abdominal pain in a known or suspected 
case of hemochromatosis should arouse the suspicion that a malig- 
nant change may have occurred in the liver. 

Jaundice. In typical uncomplicated hemochromatosis, jaundice 
is rare.':> Sheldon®* found it mentioned only 7 times in 311 cases. 
Butt and Wilder® failed to find it in any of their 30 cases. It was 
noted, however, in 3 of our 12 patients with uncomplicated hemo- 
chromatosis. 
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More than half of all patients with primary carcinoma of the liver 
display jaundice at some time or other (34 to 720!10427.3° with 
an average of about 529"). Two of our 3 patients with both hemo- 
chromatosis and hepatic malignancy were jaundiced, while Stewart?” 
noted it in 37.5% of 16 similar patients. 

Clinical jaundice in a known or suspected case of hemochroma- 

another finding which should arouse suspicion of malignant 
formation in the liver. 


[scites \scites Is not uncommon in hemochromatosis, being 
een In 10°7° to 227% of all cases. It was noted in 2 of our 12 un- 
( omplie ated Cases. (haracteristically, however, it occurs as a ter- 
minal event. It is unusual for it to require frequently repeated 
paracenteses. In the absence of complications, the fluid is a clear 
elloy transudate. 

The incidence of ascites in primary carcinoma of the liver, by 
comparison, is much greater (45°7 to 1014.27.30 
ot 


, With an average 
2), even when the carcinoma is associated with hemo- 
iromatosis (all 3 of our cases and 80°% of Stewart's?” 15 cases). 
Since the disease is one of short duration, it also appears in what 
may be called the terminal phase. Because of the widespread car- 
natous plugging of the intrahepatic branches of the portal vein 
he ascites tends to reaccumulate rapidly. In a considerable per- 
centage, also, the fluid is grossly bloody or serosanguineous. 
\n ascitic collection which requires frequent and repeated para- 
and which is sanguineous in character would justify _a 
nptive diagnosis of complicating hepatic malignancy in a 
KHOWN suspected case ot hemochromatosis. 
Condition of the Liver. Enlargement of the liver occurs so regu- 
arly in hemochromatosis (92°) that it is regarded as the most 
onstant clinical feature of the disease. Although it is usually 


( 


nsiderable, the extent of the enlargement is variable. The weight 


of the liver in our 12 uncomplicated cases varied from 1200 to 

70 gm., with an average of 2019 gm. In 6 (50°7) it was said to 
be enlarged clinically. The organ feels harder than normal, but is 
not rock-hard. It is almost always smooth, though occasionally a 


fine nodularity can be felt. In some cases the left lobe appears to 
we particular enlarged, a finding that is claimed to be characteristic 


The liver which is the site of a primary carcinoma is likewise 
clinically enlarged in a great percentage of cases (70% to 84%)". 
(‘haracteristically, however, the liver tends to extend upward" 29° 
o that the frequency with which it can be palpated (48%"*) is a 
poor index of its enlargement. As a rule the actual increase in size 

great, the average weight in one series being 3366 gm.2? and in 
another 2950 gm.2° Even when associated with hemochromatosis 
the carcinomatous liver is, on the average, a heavier and larger one 
than that found in uncomplicated hemochromatosis. The average 


= 
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weight in 11 such cases collected by Stewart?” was 3369 gm. and 
in the 2 of our 3 cases in which it was noted the liver weighed 2000 
and 2570 gm. respectively. In consistency, the carcinomatous liver 
is stony-hard and its surface is frequently irregular and grossly 
nodular. In further contradistinction to the uncomplicated hemo- 
chromatotic liver, whenever there is a disproportionate enlargement, 
as by a massive solitary growth, the right lobe is more often affected 
than the left. 

The presence, hence, of a liver which is massive in size, particu- 
larly if it extends upward, and which is extremely hard in con- 
sistency and grossly nodular in character or whose right lobe is 
disproportionately enlarged, suggests carcinomatous involvement of 
that liver in an individual known or suspected to have hemochro- 
matosis. 

Diabetes Mellitus. An impairment in carbohydrate metabolism 
is one of the cardinal features of hemochromatosis. Diabetes melli- 
tus has been reported in 86.6° and glycosuria in 78°%.2° marked 
instability of carbohydrate metabolism is characteristic of many of 
these individuals and in some it is manifested by an undue liability 
to hypoglycemic shock, particularly following the use of insulin. 

It is well known that in instances of previously existent diabetes 
mellitus, any damage to the liver, as from neoplastic infiltration, 
will not uncommonly cause a sudden amelioration of the severity of 
the diabetes. Recurrent hy poglycemia has been dese ribed in several 
cases of primary hepatic malignancy." 

A suspect or proven hemochromatotic with established diabetes 
mellitus, who displays a sudden amelioration of the diabetes and a 
liability to hypoglycemic intervals, should be viewed from the 
standpoint of possible neoplastic change in the liver. 

Fever—No mention is made of fever in uncomplicated cases of 
hemochromatosis, so that it may be assumed that fever is either not 
seen or very unusual. 

Primary carcinoma of the liver, in contradistinction, is often 
associated with fever (14% to 470%) 

A persistent otherwise unexplained fever in a patient with known 
or suspected hemochromatosis requires that the possibility of cancer 
of the liver be considered. 

Anemia. The red blood cell count and the hemoglobin concen- 
tration in hemochromatosis are practically within normal limits and 
the disease is not characterized by an anemia.” 

Primary carcinoma of the liver, on the other hand, is accompanied 
by an anemia in the majority of instances.'*:!4?? 

The presence of an anemia, therefore, in a known or suspected 
hemochromatotic is suggestive evidence of possible hepatic cancer. 

Leukocytosis. The white blood cell count and the differential 
count in hemochromatosis is essentially normal (average 7030. per 
¢.mm.).”° 
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The white blood cell count in primary hepatic cancer is variable 
but tends toward the high side (average 10,900" with a range from 
2800 to 44,000 cells per ¢.mm."). 

In the absence of a demonstrable septic complication, a marked 
eukoeytosis in a known or suspected case of hemochromatosis 
would advance malignancy of the liver as one of the explanations. 


Loss of Weight. Loss of weight in hemochromatosis is not uncom- 
mon, principally because of the frequency with which diabetes mel- 
litus occurs. Loss of weight from non-diabetic causes is unusual.” 

\s is generally true of neoplasia, primary carcinoma of the liver 


is often accompanied by loss of weight (41°) 
Whenever a known or suspected hemochromatotic shows an ex- 
rbitant weight loss without corresponding evidence of an increase 
the severity of the diabetes which may be associated, then 
thought must be given to the possibility of malignant transformation 
in the liver 
VWetastases. The ability to demonstrate a neoplastic metastatic 
involvement is, of course, proof positive that a known or suspected 
hemochromatotic process is at least complicated by neoplasia. In 
iew of the preponderance of primary malignancy of the liver in this 
disease, first thought must be given that organ as the primary site.2” 
It must be remembered in this respect that primary carcinoma of 


the liver characteristically shows distant metastases much less fre- 
(ule ntly than does carcinoma elsewhere. The lungs and the regional 

mph nodes are the most treque nt sites of extrahe patic metastasis, 
the former being involved in from to 1.19 


Metastasis to the lungs, therefore, would support suspicion of 
liver as the primary site but failure to demonstrate metastasis 
vould not exclude primary neoplasm of the liver if other evidences 
uggested a complicating malignancy. 
Comment. |Detailed consideration of the features that might lead 
to a correct diagnosis of so rare a combination as primary carcinoma 


of the liver and hemochromatosis might appear commendable aca- 
demically but useless practically. In fact, the attitude, generalls 


adopted toward primar) carcinoma of the liver, no matter with 
vhat it may be associated, is one of dism: a and hope ‘lessness. It is 
well to recall that the disease is amenable to surgical extirpation in 
ome instances providing the diagnosis is correctly established with- 
out undue delay. Even the early attempts at operative correction 
ielded a surprisingly high percentage of recoveries'® and more 
recent efforts are achieving even greater successes. No matter 
how unusual the situation, an early diagnosis of primary carcinoma 
of the liver must be sought and its surgical removal considered as 
the only therapy of any avail. 

Conclusions and Summary. 1. Primary carcinoma of the liver 
occurs with surprising frequency in hemochromatosis (7.3). The 
incidence appears to be greater than in uncomplicated hepatic cirrhosis 
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(4.59%) and is apparently due to other factors in addition to the 
cirrhosis of the liver found in hemochromatosis. 

2. The coéxistence of a primary carcinoma of the liver in a known 
or suspected case of hemochromatosis is suggested whenever any or 
all of the following occur: a symptom complex of short duration 
and rapid progression; abdominal pain; jaundice; a rapidly recurring, 
sanguineous ascites; a markedly enlarged liver which extends up- 
ward and is extremely hard and grossly nodular; sudden ameliora- 
tion of the diabetes and or liability to hypoglycemic intervals; fever; 
anemia; leukocytosis; weight loss: evidence of metastatic involve- 
ment, especially of the lung. 

3. Early diagnosis and prompt attempt at surgical removal of the 
neoplastic process is the only procedure of any avail. 
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From the Department of Obstetrics and Gynecology, University of Rochester, 
School of Medicine and Dentistry, and Strong Memorial Hospital 
EXISTENCE of a positive water balance in women during pregnancy 
has long been assumed. The increased turgidity of the skin, along 
with the frank edema noted with certain toxemias, provided such 
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apparently ample though crude evidence of water storage that more 
critical prool seemed superfluous. More subtle corroboration of 


this assumption was furnished by the observation of an inordinate 
ain in weight and, at times, of a diminished urinary output. 
De Leet has said that edema occurs in half of all pregnant women. 
one adverts to the statement of Wiggers”! that a 10° in- 
rease in the fluid content of tissue is a prerequisite to its pitting, 
nd to one of Gottlieb® that large amounts, as much as 6000 ce., of 


edema fluid may be present in the body without visible evidence 
edema, one can appreciate the almost syllogistic relationship 


vhich has been implied between pregnancy and water retention. 
It might seem that measurement of water entering and leaving 


the body were an elementary arithmetical problem. Unsifted esti- 
nates which take cognizance only of water taken in as such and of 
the urine passed, ignore not insignificant quantities of water con- 
tained in solid foods such as meat, bread and potatoes. Further- 
more, after many foods are metabolized their end-products leave 
the body largely as water. With fats, the water formed by oxida- 
tion may actually weigh more than the fats ingested. Such water 
hould be regarded as intake. The insensible water loss from lungs 
ind skin has also often been excluded from reckoning, as has been 
w moisture of the stools. Furthermore, a given volume of urine 
hould not be regarded as representing an equivalent quantity of 
ater. That this is true was rather convincingly demonstrated in 
one Of the experiments herein described in which one subject elimi- 
nated over a period 7 times as many solids, by weight, in the urine 
as in the stools. 

The understanding of water metabolism in pregnancy may tran- 
cend academic interest and become a matter of clinical importance, 
especially when treatment may depend on one of the current views 
held on the etiology of toxemia. In 1917 Zangemeister® proposed 
ie idea that cerebral edema might cause eclampsia. This general 
concept is supported by Arnold and Fay,' who hold that water 
inbalance may produce symptoms not peculiar to eclampsia alone, 
but also to other disturbances caused by cerebral edema and in- 
creased intracranial pressure. Attention has been called to the 
imilarity of eclamptic convulsions and those produced in animals 
y the forced administration of water. Failure of the body to 
eliminate excessive accumulation of water may produce such symp- 
toms as muscle tremors, tonic and clonic convulsions, stupor, and 
death Clinical studies by McQuarrie’! indicate that dehydra- 
tion favors the cessation of epileptic seizures, while superhydration 
favors their recurrence. That symptoms of water intoxication are 
associated with disturbances in salt equilibrium and diminution in 
electrolyte concentration, was shown by Rowntree" who noted that 
these symptoms are mitigated by adequate salt administration. 
More recently Freyberg’ described parallel shifts in body water and 


716 POMMERENKE, THOMPSON: WATER METABOLISM IN PREGNANCY 


sodium balance in the latter part of pregnancy and concluded from 
his careful study that after proper allowance was made for other 
allocations of water, no considerable maternal superhydration was 
found, 


Plan of Study. These studies on water balance were conducted on 
2 women. One of these (H. R.) served as subject over 10- and 11-day 
observation periods in the fourth and eighth months of pregnancy respec- 
tively. Her basal metabolic rate, in the first experiment was —17‘;, but 
she seemed normal in all other respects. The other subject (D. V.) had a 
blood pressure of 152.88, and slight ankle edema. Her urine contained a 
trace of albumin On this seeond subject the study was terminated after 
5 days, during which time complete data were obtained, because of the 
onset of labor at term. 

On admission complete physical and laboratory examinations were done 
During a preliminary 3-day period the subjects became accustomed to the 
rigid daily routine especially that relating to diet and elimination, After 
this, the actual determinations were begun. Nurses especially trained for 
this type of study were in almost constant attendance. Only simple bed- 
room diversions were permitted the subjects. The temperature, humidity, 
and restricted activ itv were of such character as to preclude visible perspira- 
tion, thereby reducing variables to a near minimum. 

The daily diet in each experiment consisted of the following 


Distilled water 


2500 gm 
Powdered whole milk 252 
Lactose 36 
Chocolate malted milk 20 
Graham crackers 50 
Tomato juice 100 
Dextrin 20 
sucrose 10 
Sodium chloride, 10°; sol 30 ce 


All the foods came from containers having the same lot numbers. Save 
for the Graham crackers, all food was pooled and given in fluid form from 
sealed refrigerated reservoirs holding sufficient quantities for the entire 
experiment. This diet provided, by analysis, approximately protein, 
70 gm.; fat, 77 gm.; carbohydrates, 230 gm:; calcium, 2.17 gm.; phosphorus, 
1.86 gm.; iron, 0.005 gm., and was calculated to yield 1948 calories. Since 
the measured diet consumption was precisely the same from day to day, 
the need for repeated analyses was obviated. 

The study periods began and ended at 8 o’clock on consecutive mornings 
At this hour, and after voiding, but before breakfast, the subjects were 
weighed to within 10 gm. Blood samples were then taken as needed. 
pee meals and distilled water were given at regular intervals, 7. e., 

8.30 A.M., 1.30 P.m., and 6 p.m. Care was taken that the entire diet, with 
rinsings from the dis hes, was consumed at each meal. At the end of each 
experimental pe riod, venipuncture was again performed after final weighing. 

Collection of Excreta, The urine was passed directly into a receptacle 
packed in ice and containing 10 ec. of glacial acetic acid. Aliquots from 
the mixed 24-hour specimen were analyzed for sodium, potassium, and 
nitrogen. The stools were marked with carmine at the beginning and end 
of each experiment al period, and stored in a vessel containing 10 ec. of 
glacial acetic acid and a measured quantity of distilled water. This mix- 
ture was subjected to thorough mechanical agitation and sampled for 
analysis. Since the stools were irregularly passed, the constituents were 
pro-rated on a daily basis, 


OMMERENKE, THOMPSON? WATER METABOLISM IN| PREGNANCY revi 


1) j il Methods Water content of the food, urine, and stools were 
etermined by desiccation to constant weight. Nitrogen was determined 
the Kjeldahl method. Protein was regarded as N x 6.25. Analyses 


vdrates and fat were not done by us, but their values were com- 

data supplied by the manufacturers of the foods. Sodium and 

were determined by methods described by the authors!” in a 
xperiment on electrolyte metabolism in pregnancy 


\vailable water was regarded in this study as coming from two 


ree |, water taken in as such, and contained as moisture in 
he foods; 2, water of oxidation. Newburgh and Johnston have 
uggested the “preformed water” as another source of water. 
Peters and Lavietes have, however, questioned the validity of the 
nelusion of this preformed water in the calculations, believing that 
there is little evidence that water is physically or chemically com- 
bined with protein, carbohydrates, or fat. The computations of 
vater exchange here given are quantitative estimates based in part 
mi analyses capable of accurate measurement and in part on indirect 
alculations. Some 60 gm. of water are liberated by oxidation of 
LOO gm. of carbohydrate, and 41 and 107 gm. of water become 
aVailable from like amount of protein and fats respectively. An 


e mixed diet of some 3000 calories might then be expected to 
ield some 2000 cc. of actual water“! Total water loss, in addition 


to the water in the urine and stools, includes that lost insensibly 
through the lungs and skin. Rather elaborate equipment is required 
to measure accurately and directly this latter fraction under the 


nditions of ordinary life. Soderstrom and Du Bois'* reported 
hat if 0.584 calorie are required to vaporize 1 gm. of water at 
2° to 24° C., about 24% of the total heat produced by the body 
dissipated in the evaporation of water from the skin and lungs. 
hese investigators found that few normal men varied more than 


O°) from this figure. Johnston and Newburgh’ give a slightly 
ther value, viz., 28°, as the fraction of heat lost from the bod) 
aporization. Benedict and Root® have prepared tables showing 


uch a close relationship between basal metabolism and basal insensi- 


ble water loss that either one can be estimated from the other. 


lnder certain conditions there is a high correlation between total 
it change and the insensible water exchange. Thus, Man- 
hester and associates! regarded the total insensible water loss for 

period as representing the difference between body weight at the 
eginning of the period plus the weight of all ingesta, and the 
veight of the body at the end of the period plus the weight of the 
xcreta Bassett and coworkers? estimated the insensible loss of 
vater by correcting the difference between items of intake and out- 
uit for the net change in weight of the subject during 24 hours. 
Rockwell® has also presented data illustrating the close correlation 
between water balance and changes in body weight when there are 
no complicating factors of food storage. 
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Results. ‘lhe data are presented in a series of figures which are 
largely self-explanatory. The amount of insensible water loss and 
the completeness of oxidation of foods was not ascertained. Actual 
total energy expenditure was not measured. Values assigned for 
water of oxidation and for vaporization, although they cannot be 
specifically applied, tell quite approximately what values may be 
assigned to these factors. Different methods of computation will 
accordingly give varying figures, which, for comparison, are graphi- 
cally illustrated. 

Data on a Typical Case. The first day of Experiment I (Subject 
H. R., 4 months’ pregnant) may serve as a prototype. The diet 
contained 2500 gm. of distilled water. An additional 409 gm. of 
water were furnished by the moisture of the foods, largely from the 
tomato juice. Oxidation of the food provided another 250 gm. of 
water. The total water available for the day accordingly was 
$159 gm. During this same 24-hour period the urine contained 
2371 gm. of water. The pro-rated moisture content of the stools 
for that day was Sl gm. By applying the table of Benedict and 
Root, the expected insensible perspiration corresponding to a heat 
production of 1948 calories was assumed to be about 1128 gm. 
The balance between fluid intake and output can be summarized 
by Formula | as follows: 


A (Intake B (Output 
Water in diet 2500 gm Water in urine 2371 gm 
Moisture in food 100 ’ Water in stools SI 
Water of oxidation 250 ° Insensible perspiration 1128 
Total water available 3159 Total water lost 
Water apparently retained (A B) = $21 gm, 


By applying Johnston’s and Newburgh’s estimate that evapora- 
tion of water from the skin and lungs will dissipate about 28° of 
the heat produced, the total output of water is calculated to equal 
3392 gm., giving a balance of —233 gm. 

Another method for calculating the insensible perspiration as 
suggested by Bassett and MeQuarrie is noted by Formula 2 as 
follows: 


A Intake B Output 
Ist wt. of subject 53,280 gm 2d wt. of subject 53,210 gm. 
Wt. of food and water 3.020 " Wt. of urine 2,485 
Wt. of stool 116 
56.600 


55.814 


Insensible water loss (A—B) = 786. When this amount, 786 gm., 
is added to the water of the stools and urine (see Formula 1), the 
total water loss becomes 3238 gm. This amount, on subtraction 
from the total fluid intake of 3159 gm. accounts for a negative 
water balance of 79 gm. for the day. 
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Newburgh and coworkers have given the following constants for 
determining oxygen absorbed and carbon dioxide given off in the 
oxidation of a diet: 


Oxyger Carbon Dioxide 

Multiply grams of protein by 1.38 Multiply grams of protein by 1.46 
Multiply grams of fat by 2.86 Multiply grams of fat by 2.78 
Multiply grams of carbohvdrate by 1.13 Multiply grams of carbohydrate by 1.54 


For Formula 3, the weight of oxygen absorbed in the oxidation 
of the diet (579 gm.) is added to the intake column, and the weight 
of the carbon dioxide liberated (674 gm.) is added to the output 
column of Formula 2. This method of calculation will give 691 gm., 
as the allotment for the insensible water loss, an amount so much 
less than that calculated by the previous methods that for this day 
the water balance is regarded as +16 gm. 

Because of the close relationship between ele trol te and water 
metabolism, a consideration of either alone is incomplete. Wiley 
and associates” have shown that sodium and potassium retention is 
accompanied by water retention. Tisdall” found that the bases, 
excluding calcium, and water leave the body in approximately the 
proportion in which they exist in the plasma, and has suggested the 
application of this relationship for the estimation of water exchange 
from the determination of base balance. Lavietes et a/.* has devel- 
oped equations based on the thesis that base tends to distribute 
itself in the fluid media of the body in a fixed proportion to water 
His equation is incorporated in Formula 4 in the present study and 
IS as follows: 


b+ WI AB 
AW 
B 
in which AW water exchange 
b = net gain or loss of Na + K by the body 
WI = vol. of water in body at start of study per 
AB change in concentration of base in the water of the serum 
Be = concentration of Na and K in the water of the serum at conclusion 


of study period 


This formula in contradistinction to the other formulas was not used 
in computing daily retentions of water, but for the retentions over 
the entire period of study. 

The net or accumulative water balances for the entire metabolic 
study period are shown in Table 1. 


TABLE 1 WaTER BaLaNce (GM 


Nitre 
Form, 1 Form. 2 Form. 3 Form. 4 om mm. 
Exp. I: 3617.53 380.20 + 465.33 + 1960 196 G0) 
Exp. II - 1580.10 157.15 +813.77 + 1590 +2 56 + 180 
Exp. III: 759. 80 1526.90 1053.25 + 1200 10.21 570 


It will be noted that wide but consistent diversities in results 
follow the application of the different formulas. In Experiment I] 


) 
¥ 
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the computed water balances range from ISSO to +1590 gm. 
During this period the subject gained ISO gm. in weight and de- 
posited some 2.56 gin. of nitrogen. The disparits between weight 
change and the calculated water balances for the metabolic periods 
hardly lends credence to the claim that a gain or loss of body weight 
rily corresponds closely to water balance. Obviously, other 
than those recorded comme into play 
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‘he diet used in these experiments is believed to have been 
idequat \ period of adjustment to a new type of diet may, 
wwever, be required before a significant response may be expected. 
\ttention is drawn to this point by Sherman: “That when the 
ody is accustomed to a certain rate of protein metabolism, it 
¢ quire an appreciable length of time to adjust itself to a materially 
higher or lower rate. Hence the rate of protein metabolism on any 
en day will depend in part upon the rate of metabolism to which 
the body has been accustomed and in part upon the protein intake 
or the day If this is true for proteins, could thought be given 
to the idea that the conclusion may also apply to bases and to water? 
Perhaps the 5- to 11-day observation periods were too brief to per- 
it the establishment of a definite response. Within that time no 
onsistent trend of body weight was perceptible in our subjects. 


= 
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A change in the habits of the subjects from those associated 
with household duties to the sedentary life in the ward may have 
contributed to the results obtained. Certainly longer periods of 
observation would be desirable. Information concerning the influ- 
ence of different levels of fluid, salt, nitrogen, and caloric intake on 
water retention is still limited. As vet unknown factors must 
modify the need for water storage. Marshall’ has stated that 
physiologic variations in water content in man may vary as much 
as 2 kilos. 

Subject H. R. received practically an identical diet in Experi- 
ments Land II. Yet during the eighth month of pregnancy, when 
she weighed some 4 kilos more than she did during the fourth 
month, she gained more in weight and nitrogen and, save for com- 
putations by Formula 4, also gained more in water. In Experi- 
ment II] the subject had mild symptoms of toxemia with some 
edema at the beginning of the 5-day observation period, which 
ended when the patient went into labor. Extreme caution is neces- 
sary in drawing conclusions from this experiment. ‘To what extent 
the weight loss of 570 gm. may have represented merely that which 
quite commonly precedes labor or that caused by the unloading of 
water caused by diarrhea is not known. When. Formula 4, the 
formula which seeks to relate water balance to mineral balance and 
concentration is applied, it vields results quite out of proportion 
and in excess to those expected. It would seem unlikely that sub- 
jects losing 90 and 570 gm. in weight would be depositing 1960 and 
1200 gm. of water respectively over the same period of time. 

Summary. Credible clinical evidence of water storage In certain 
toxemias of pregnancy is supplied by edema and inordinate gain in 
weight. Water made available includes not only that taken as such 
or incorporated with food, but also that liberated by the various 
oxidation mechanisms within the body. Water loss in the stools 
and urine can be measured accurately, but the insensible loss from 
the skin and lungs, a very appreciable fraction of the total loss, is 
difficult to measure directly, but must be reckoned with. Under 
limited conditions this insensible water loss can be estimated from 
the weight loss, but allowance should be made for O. absorbed and 
CO. given off. A correlation between insensible water loss and the 
basal metabolism has been mentioned. Another method for esti- 
mating water balance rests on the thesis that bases and water leave 
the body in the approximate proportions in which they exist in the 
plasma. 

Several formulas for the determination of water balance in 3 con- 
trolled experiments on 2 pregnant women have been applied. Even 
though each formula possesses a degree of merit, there is no con- 
stancy or trend among the results derived from the various formulas. 

Conclusions as to water gain or water loss in these experiments 
are inconclusive and depend upon whatever formula is accepted. 
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\lthough quantitative accuracy is not claimed, since various 
components of these formulas are based on assumptions, it is never- 
theless felt that a study by these formulas promotes an understand- 
ing of the interrelated phy slologic principles underlving water 
metabolism 
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\ LARGE proportion of the research in alcohol during the past 
decade or so has been inspired in some degree by the increasing 
Inportance of the diagnosis of inebriation. Before the advent ot 
popular use of the automobile, the hazards of drunkenness were 
argely confined to the inebriate and possibly his immediate family 
and associates. So long as he confined his activities to falling in 
tupor in the gutter, or throwing his boots at his wife’s head when 
he returned home, he did not present an important threat to the 
public safety, and what efforts were made to curb his course were 
most often directed to saving his soul. 

Now, however, when there is a fair probability that at some 
time during his debauch he will find himself in control of a motor 
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vehicle, with all its potentialities as a lethal weapon, the situation 
takes on quite a different aspect, and little as we may be concerned 
with the final repository of his soul we have a genuine concern for 
his activities at the wheel. He presents a menace on the highway 
in the face of which no amount of precaution, superior equipment, 
or skill on the part of sober users of the roads may prevail, with the 
result that when he comes to grief the innocent must suffer with 
the guilty. Nor is he dangerous only when driving; as a pedestrian 
he also presents a serious problem by his presence on the road, 
not so much for his own safety, which one might be inclined not to 
value too highly, but because motorists in seeking to avoid striking 
him may precipitate themselves into another vehicle. 

l‘or these reasons, it Is essential that the attitude of society, and 
its agency of enforcement, the law, be reformed regarding the 
offense variously entitled drunkenness, intoxication, and being under 
the influence of intoxicating liquor. Tlowever one may feel about 
society's responsibility for an individual's moral conduct, there can 
be no question about the necessity for safeguarding the lives and 
property of those with whom he comes in contact, even though it 
inay entail certain restrictions of his activity. There thus arises 
the concept that a degree of alcoholic intoxication which need not 
cause an offense against society when the inebriate is in his own 
home may present a definite hazard to the public weal when he is 
on the public highway, either as the driver of.a motor vehicle or as 
a pedestrian. The removal of such an individual from a position in 
which he endangers himself and others cannot be considered an 
infringement of personal liberty, but must be regarded as a depriva- 
tion for cause of certain special priv ileges. 

We have been engaged in an experimental study of the relation 
of blood alcohol concentration to driving abilities, in an endeavor 
to work out some practicable yet just method for apprehending and 
convicting those individuals who present a hazard on the road 
because of indulgence in alcohol, and even more important to pro- 
vide unbiased factual data for use in educating the driving public 
to a realization of the dangers of drinking and driving. In a pre- 
vious study we® showed that the effect of a given concentration of 
blood alcohol on performance of tests related to driving skill varied 
greatly from one individual to another, and that while there was a 
very definite tendency for those individuals with higher blood aleo- 
hol concentrations to show the greatest impairment of driving skill, 
this was by ho means universally true. Since driving skill depends 
not on a few but rather on many component abilities, we felt it 
desirable to extend the studies by a consideration of the various 
factors involved in vision. 

To this end a series of 50 drivers, 35 men and 15 women, were 
secured as volunteers from the general public and given a battery 
of 7 tests before and after taking alcohol. The dose of alcohol was 


NEWMAN, FLETCHER: EFFECT OF ALCOHOL ON VISION 725 


trictly controlled than in the previous study, a basic dose of 
an ounce of whisky for each 30 pounds of body weight being required 
all subjects, with the option of more if desired, the whole dose 
being consumed in from 15 to 30 minutes. This variation in dose, 
coupled with the fact that some of the subjects were not in a fasting 
tate, accounted for the considerable range of blood alcohol con- 
centrations apparent in Figure 1. We were thus able to study the 
effect of a wide variety of blood alcohol concentrations, at the 
expense OF not having a large number of cases at any one concen- 
ratio} 
\ choice of a good commercial brand of Scotch or Bourbon whisky 
approximately 90 proof, diluted as desired with carbonated 
water and cooled with ice, was provided, and the drinking was done 
a soclal atmosphere. Thus the drinking situation was a fairly 


al one, with a minimum of tension due to the test situation. 
The tests were such as to require the minimum of instruction 
iid to show the least effect of practice, as will be evident from 
their description. About 10 minutes were required for their admin- 
ation. The subject was given the tests just prior to drinking, 
ind again 45 minutes after drinking Was completed, so that absorp- 


In most cases was practically complete and a maximum blood 


alcohol concentration achieved at the time of the second testing, at 
the end of which period a sample of venous blood from an arm 


ein was taken for alcohol analysis, using the method of Newman.! 
The results on all the tests, and the blood alcohol concentrations 
achieved by each subject, are shown graphically in Figure 1. We 
ll now describe each test, the criteria of scoring, and the results 
obtained, and then proceed to a discussion of the results. It should 
be noted that in reporting the results, major changes in performance 
are indicated by a separate figure, while the figure for significant 
anges includes these major changes as well as important minor 


VisuaL Acuity. Visual acuity was tested in each eve separately 
by the Keystone Telebinocular instrument, using the slides for 
acuity measurement. The 100°; mark on this instrument is equiva- 
lent to 20 20 on the Snellen chart. A drop in acuity of 5° was con- 
idered significant, and a drop of 20°% a major drop. In this con- 
nection, it should be noted that a drop from 100° to 80% is equal 
to a drop from 20 20 to 2045 on the Snellen chart. Seventy per 
cent of the drivers showed a significant decline in visual acuity, 
while 22°, showed a major drop of 20% or more, the major changes 
increasing with the alcohol concentration. It was more than twice 
as likely that one eye would be affected than both, the left eve being 
affected twice as often as the right. As alcohol concentration 
increased, the tendency was for both eves To be affected. Most 
ignificant was the fact that the deficient vision was rarely recog- 
nized by the subject. 
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Derr Percerrion. Depth perception was tested by the Key- 

stone Telebinocular using the depth perception slide. This is a 

1Q-line chart, each line representing 1067. A drop of 10°) was con- 


sidered significant, and a drop of 20% a major change. Eighteen 
per cent of the subjects showed at least a 10°% change, and 12% 
showed 20° or more decrease. 
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Distance JupGMENT. Distance judgment was tested with the 
Army Rod Test at a distance of 20 feet. A series of 4 trials was 
ven, and the worst of these, exclusive of the first trial, was taken 
as the standard of performance. A decrease in ability after drinking 


Of over « in h Was considered a significant, and a decrease of over 
ch a major change. On this test 48°) showed significant and 

‘ decreases. 
\TERAL or Viston, The subject’s ability to see to the 
de while looking straight ahead was tested by means of the Brom- 
ch Perimeter. A white target, 3? inch in diameter, was used, and 
the measurement taken at the point of awareness of the target when 
moved slowly toward the center, so that mass fields rather than form 
iotion fields were secured. \ decrease of 3 degrees or more 
from. thre non-alcoholie level Was considered a significant change, 
vhile a 10 degree decrease was a Major change. Sixteen per cent 
the drivers showed significant decreases, while but 1 showed a 


CoorDINATION. The balance and fusion of the eves was 


tested by using the Nevstone Telebinocular with slides for measur- 
ng fusion, vertical balance, and lateral balance. In all tests with 
trument the driving range, at 20 feet or more, was used. 


In this test, experience and judgment had to be emploved in rating 


the deficiencies. If a significant change took place in 2 or more of 


the components, or if fusion could not be accomplished, a major 
change was recorded. After alcohol, 54°; of the subjects showed 
ignificant changes, IS°; major changes. 

GLARE Resistance. The ability to resist glaring headlights and 
to see objects in the darkness bevond them was tested by means of 


apparatu developed by the Division of Drivers Licenses and the 
College of Engineering, University of California at Berkeley. In 
brief, the subject, on looking into a darkened box, gazes down a 
roadwa He sees the headlights of an approaching car directed 
traight at him, remaining fixed in position and intensity. In the 
box, directly below the subject's eves, is a controllable beam of 
ight representing his headlights. This beam can be varied in 20 
teps ol intensity, and the intensits at which he can just discern a 
vhite shape beside the approaching headlights is considered the 
ndex of glare resistance. A drop of 2 steps or more was considered 
a significant change, of 3 steps a major change. 

GLARE Recovery. The speed of recovery from glaring lights 
vas measured by means of a glare recovery test built by Dr. C. W. 
Brow! Dept. of Psychology, Univ. of California, at Berkeley. In 
this apparatus the subject gazes into a darkened box and, by the 
illumination of a small constant pilot light, is able to tell the direc- 
tion in which an arrow controlled by the examiner is pointing. 
Back of the arrow is set the lens, reflector, and bulb of an auto- 
mobile headlight so arranged as to produce a diffused light of con- 
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siderable intensity flooding the subject's field of vision when turned 
on. With this light off, the subject identifies the position of the 
arrow. It is then withdrawn from the field of vision and the head- 
light turned on, its intensity being gradually increased over a period 
of 20 seconds to a constant intensity, held at this level for an addi- 
tional 20 seconds, and then extinguished abruptly. The arrow is 
returned to its original position in the box, pointing in a different 
direction, and the time required for the subject to correctly report 
its direction recorded with a stop-watch. A change of 5 seconds 
or more in recovers time Was considered significant, and a change 
of 15 seconds a major change. Forty-two per cent of the drivers 
showed significant adverse changes, and 20°, major adverse changes. 
It should be mentioned in this connection that in a number of cases, 
particularly those with an initially good performance, an improve- 
ment in recovery from glare was noted. This is in accord with 
experimental work done elsewhere,!?* which demonstrated that the 
improvement was due to liberation of vitamin A from the liver by 
the alcohol. Of the subjects tested, 3067 showed a. significant 
speed-up in recovery time, and 12°) showed a major improvement. 

Discussion. ‘lhe only similar experimental study, with the excep- 
tion of the work on dark adaptation already noted, was reported by 
Colson? in 1940. He tested 21 subjects for visual acuity, near 
vision, Color vision, fields, muscle balance, and dark adaptation 
after administration of from 8 to 20 ounces of whisky. No deter- 
mination of blood alcohol concentration was made. He found no 
change in acuity, near vision, or fields. If dark adaptation was 
initially normal, no change occurred; but if poor, it decreased. 
There was a shift in muscle balance, original exophoria becoming 
esophoria and vice versa. These negative findings are not entirely 
in accord with our work, while the failure to find improvement in 
dark adaptation in some cases, as found both by ourselves and 
other workers, is hard to explain. 

From the data which we have presented, it can readily be seen 
that aleohol is capable of producing changes in all the components 
of vision tested by us. That all components are not affected in the 
same individual is amply demonstrated by Figure 1, which shows 
the distribution of major and significant changes in the various 
subjects. Also, although there is evident an obvious tendency for 
individuals with higher blood alcohol concentrations to show more 
changes, particularly major changes, this is far from true in every) 
case. To elucidate this point further, the subjects were divided 
roughly into Fy groups on the basis ot blood alcohol concentration. 
The first group, which we will call ‘‘mild concentration,’ consisted 
of 13 individuals with blood alcohol concentrations under 101 mg. 
per 100 ce.; the second group, ‘moderate concentration,’ consisted 
of 24 subjects with blood alcohol values from 101 to 125 mg. per 
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OO and the third, “medium concentration,’ consisted of 13 
ubjects with blood alcohol values over 125 Ing. per 100 ce. The 
percentage of significant and major changes in each of these groups 
is tabulated in Table 1. The rather poor correlation between blood 


oncentration and changes in visual function Is quite appar- 
ent, especially in regard to significant rather than major changes. 


WOU d indeed be impossible to select any single level ot blood 
ntration as a criterion of dangerous intoxication from 


these data ( ertainly a figure of 150 mg. per LOO ce.. proposed “as 
¢ evidence of drunkenness by the National Safety Council, 
vould be definitely too high for some of the subjects, and equally 


lefinite too low for others. ‘To illustrate this point, which is of 


great importance in view of pending legislation in several States, 
et us summarize the findings in two subjects with widely different 
lood alcohol concentrations. 
Errecr or Mitp, MoperaTe, AND Mt BLoop ALCOHO 
( ENTRATIONS ON VARIOUS COMPONENTS OF VISION 
significant decrease includes also those bjects showing 
major decrease 
= fhe 

M | oncentration D4 

M lt ite concentratiol 71 17 

Medium concentration 85 

Mild 15 s 

Moderat« 17 12 

Medium 2: 1S 

Mild 0 

Moderat« 5S | 

Medium tt) 

Mild 

Moderats 5Y 12 

Medium 62 

Mild rf 2 

Moderat 21 

Mediun it ] 

Mild 23 15 

Moderat« 42 17 

Medium 62 

Mild 15 0 

Mode 17 

Med 15 


Subject A had at the time of the test a blood alcohol concentration 

only 105 mg. per 100 cc., well below the limit of 150 mg. per 
TA proposed as definite evidence of intoxication. Yet he showed 
i major drop after alcohol in 5 of the 7 tests. Only in depth per- 
eption, which was poor to begin with, and in side vision did he 
his performance. His left eve dropped 50% in acuity 
which means a drop from a Snellen rating of 20,20 to 20 100), 
error in distance judgment increased from 13 to 4} inches, glare 


resistance dropped from 6.5 to 3.5 units (or 6 steps), recovery time 


Inaintain 
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from glare increased from 51 to 138 seconds, and he became unable 
to fuse on eve codrdination. 

Subject B showed a blood alcohol concentration of 191 mg. per 
100 cec., far above the 150 mg. per 100 cc. standard, and almost 
twice that of Subject A. Yet the only Change he showed in the 
tests Was an increase in time of recovery from glare from his original 
excellent performance of 24 seconds to a final performance of 34 
seconds, still within the normal range. There was no evidence from 
any of the tests that he was unable to drive a car in the manner of 
an ordinarily prudent and cautious person in full possession of his 
faculties, vet he would have stood convicted of drunken driving 
under the 150 mg. per 100 cc. standard proposed by the National 
Safety Council, no other evidence than his blood alcohol concen- 
tration being necessary for this conviction. On the other hand, Sub- 
ject A, with marked impairment in the majority of the tests would, 
because of his much lower blood alcohol concentration, have to be 
proven guilt, on the basis of other evidence, and would have the 
privilege, denied to Subject B, ot defending himself against the 
charge. It seems to us that these 2 cases, selected from a very 
small material, are amply indicative of the injustice of setting up, 
in the light of our present limited knowledge, any minimum standard 
of blood alcohol concentration, the exceeding of which would con- 
stitute prima faci e\ idence ot Intoxication, or of using blood alco- 
hol concentration as the sole criterion of intoxication. Rather let 
us retain the undoubted benefits of the chemical diagnosis of intoxi- 
cation in revealing the minimum amount of alcohol a suspect has 
consumed and indicating, in conjunction with other evidence, the 
probability of intoxication having existed, than destroy the value 
and credibility of the whole procedure by ascribing to it an infalli- 
bility which it does not possess. 

Summary and Conclusions. [ifty drivers were each given 7 tests 
concerned with vision before and after imbibition of alcohol in a 
dose of at least an ounce of whisky for each 30 pounds of body 
weight. The resultant concentrations of alcohol in the blood varied 
from oS to 21S mg. per LOO ce. 

In every case with a concentration over 115 mg. per 100 cc. a 
significant change in at least one of the tests was found. The 
greatest number of changes occurred in visual acuity, the smallest 
in field of vision. 

Although there was a definite tendency for those with the higher 
blood alcohol concentrations to show more changes, this was far 
from true in every case. 

These findings support the contention that there exists a consid- 
erable individual variation in tolerance to a given concentration of 
alcohol in the blood, and indicate the importance of recognizing 
the limitations of blood alcohol concentration as the sole criterion 
of intoxication. 
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‘THe optimal diet for the treatment of diabetes has not been estab- 
hed despite the fact that the kind of food eaten plays so vital a 
part in the management of this disease. The mode of feeding the 
diabetic has run the gamut from the extremely low-carbohydrate, 
high-fat regimen of the pre-insulin era, to the very high-carbohy- 
drate, low-fat diets advocated more recently. 


The influence of the composition of the diet upon the capacity 
of the diabetic to utilize sugar has been debated for a long time. 
\ generation ago the dictum of Naunyn? was generally accepted. 
[le maintained that the surest way to increase the carbohydrate 
tolerance in diabetes was to restrict carbohydrates to the limits of 
the diabetic’s power to utilize glucose. The efficiency of this scheme 
of dietary treatment has recently been demonstrated in experimental 
animals by Haist, Campbell and Best.‘ 

In normal persons a low-carbohydrate diet diminishes glucose 
tolerance, while a persistent intake of large amounts of starch will 
nerease it. Conn? has recently reviewed the literature on this 

ubject and verified it by clinical tests. These well-established 
findings in non-diabetics have been regarded as confirmatory evi- 
dence that a high-carbohydrate diet has a beneficial effect in dia- 
betes. Indeed, various clinicians have found that a high-carbo- 
hydrate diet was a potent factor in rehabilitating the depressed 
carbohydrate tolerance in diabetes (Aldersberg and Porges;' San- 

im, Blatherwick and Bowden;’ Gevelin;? Rabinowitch®). 

Because of these contentions it was of interest to study the 
effects of high and low-carbohydrate diets in a series of mild dia- 
betics. None of these patients received insulin while under observa- 
tion. Glucose tolerance tests were used to determine the variations 
in carbohydrate tolerance. The tests were standardized in the 
following manner: a fasting blood sugar was taken. Regardless of 
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cose tolerance on diet of CH 250, P 75, F 70. Loss of tolerance 
CH 300 or lowered to CH 200 Conclusion: glucose tolerance 
( 


tolerance curve suggested a mild impairment of carbohydrate tolerance 
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weight, each patient received 100 gm. of glucose dissolved in water. 
One hour later a second blood sugar an 2 hours later, a third blood 
sugar were taken. In a few cases blood sugars were obtained at 
more frequent intervals after the administration of glucose. 


Case Reports. Case 1.—J. M., male, aged 55, weight 104 pounds, which 
is about 20 pounds less than his normal. Glycosuria was discovered in 
1936 and a diet of CH 120, P90, F 135 was given. A glucose tolerance 
curve done 5 days after the beginning of the diet showed a definite impair- 
ment of his tolerance (6/24/36) (Chart 1 Nevertheless, his urine became 
sugar-free. The carbohydrate content of the diet was raised gradually 
with a simultaneous reduction of the protein and fat until August, 1939, 


when he was receiving CH 250. 75, F 70. A glueose tolerance curve at 


this time showed a definite improvement (8 24.39). Further increasing 
the carbohydrate content of the diet to 300 gm. resulted in a loss of toler- 
ance (7.340). Later, decreasing the carbohydrate intake to 200 gm. pro- 
duced only a slight improvement (925 40). The glucose tolerance curve 


indicated that the tolerance of the patient for carbohydrate was not as 
| igh on this diet as on the ( ‘H 250 diet 


CH 1 
fet - CH 3 

» Diet - CH 20% 

» Diet - CH 250 
= 

Shr. lhr. 2hr. 


CHART | Case 1 Mild diabetes. Male, age 55, underweight Improved glu 


as diet is raised to 
improved on diet of 


e 250 taising or lowering CH of diet results in a loss of toler 


ince 


This man’s optimal carbohydrate intake evidently is 250 gm. When 


maintained on this diet there is a minimal impairment of his glucose toler- 
ance. A diet containing more or less carbohydrate than this results in a 


oss of glucose tolerance (Chart 1). 
Case 2.—E. G., 42-year-old diabetic female, weight 154 pounds, which 


was 22 pounds in excess of the normal for her height and age. A diet of 


‘H 100, Cal. 1200 was prescribed. After a loss of 18 pounds, a glucose 
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5 24,38) (Chart 2). A higher carbohydrate diet was ordered but because 

the patient was ‘afraid to eat,” the original diet was continued with no 
further loss of weight. A glucose tolerance curve on June 7, 1939, was 
imilar to the one done a year earlier. Because of her concern over her 


veight loss, the diet was raised to CH 300. After 6 months of this diet 
here was no change in weight but a glucose tolerance curve (1/17/40) indi- 
ited a loss of tolerance (Chart 2). The carbohydrate content of the diet 
restricted to 150 gm. and 6 months later (8 20 40) the glucose 
lerance cufve was definitely normal. It showed a distinct improvement 
compared with the curves on the previous diets 
itient’s optimal carbohydrate intake is apparently 150 gm. Rais- 
ng the carbohvdrate of the diet above this level to 300 gm., or lowering it 
100 gm. result in a loss of tolerance (Chart 2). 


CHO 100; Cal. 1200 


CHO 100; Cal. 1200 

300} <a App. CHO 150 4 

—| 


7-40, Diet - CH 300 
-39, Diet - CH 10 4 
4-38, Diet - CH 10 


Fasting $hr. lhr. léhr . 2hr. 
Cy 2 Case 2. Mild diabetes, female, age 42, weight 154 pounds; 20 pounds 
height and age After a loss of 18 pounds on CH 100, Cal. 1200, 
se tolerance curve indicates a mild impairment of CH _ tolerance Further 
jlerance when diet is raised to CH 300. Marked improvement on 
H 150 \ rit ision gl icose tolerance diminishes when diet 1s raised ibove or 
f CH 150 
Case 3.8. G., male, aged 52, weight 159 pounds, which is normal. A 
glucose tolerance test while on a diet of CH 250, P 80, F 125 indicated a 


mild impairment of tolerance (10/26/39) (Chart 3). Raising the diet to 
CH 350 resulted in a definite loss of tolerance (6,4 40). Some improve- 
ment was noted on a diet of CH 280 (7/8 40) but definite improvement did 
not occur until the diet was reduced to CH 250 (8 22/40). 
This patient’s most advantageous carbohydrate allowance is evidently 
250 gm. and a carbohydrate intake in excess of this amount results in a 
ss of tolerance (Chart 3). 
Case 4.—J. F., male, aged 47, an established diabetic, had been on a 
liet of approximately CH 120 for several years. On July 7, 1940, a glu- 
ose tolerance curve showed that there was a moderate impairment in his 
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tolerance (Chart 4). 


His diet was raised to CH 250 and 
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glucose tolerance test showed a definite loss of tolerance. 


a week later a 


400 
CHO 250; P 80; F 125 
App. CHO 350 4 
300 CHO 250; P 80; F 125 = 
64-40, Diet - CH 350 
} 
| 


.. 


7-8-40 


8-22 


2-40, Diet 


10-26-39, Diet - CH 250 


Diet - CH 2& 


- CH 250 


Fasting hr. lhr. . 2hr. 
CHART 3.—Case 3 Male, age 52, normal weight Mild impairment of glucose 
olerance on CH 250, P SO, F 125 taising carbohydrate intake above this level 


tolerance 


Conclusion 


very high-carbohydrate diet impairs « 


irbohvdrate 


Low CHO, App. 120 
100 F- 
—— High CHO, App. 250 
0 | L 
Fasting ghr. 2hr. 
Cuart 4.—Case 4. Male, age 47. Impaired glucose tolerance on CH 120. Defi- 
nite loss of tolerance on CH 250. Conclusions: high-carbohydrate diet results in 


loss of glucose tolerance. 
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tolerance of this patient for carbohydrate is evidently about 120 gm. 
above this results in a loss of tolerance. 
Courtesy of Dr. Abraham Levy.) 


G. A., female, aged 34, 


eight 62 inches, weight 215 pounds. The normal weight for her height 
4 
300 + 4 
‘ Diet - Low CH Throughout = 
Wt. 164 
Fasting ghr lhr. 
Cuse 5. Loss of 51 pounds results in an improvement in glucose tolerance, 
h ‘ i low-carbohvdrate diet for a prolonged period 
4 
Diet - Low CH Throughout an 
/ 
/ 
/ 5-16-40, wt 140 
2-12-41, wt 118 
Fasting lbr. léhr. 2hr. 
HART ¢ Case 6. Loss of 22 pounds brought about by means of low-carbohydrate 


diet results in an improvement in glucose tolerance, 
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and age is 133 pounds. When she was at her maximum weight a glucose 
tolerance curve indicated a definite impairment. After a loss of 51 pounds, 
there was a marked improvement in her glucose tolerance (Chart 5). An 
anti-obesity diet, low in carbohydrate and fat but high in protein, was fol- 
lowed throughout the period of observation. 

Case 6.—R. G., aged 24, weight 140 pounds which was 25 pounds in 
excess of the normal. A glucose tolerance test on May 16, 1940, indicated 
an impairment of her carbohydrate metabolism (Chart 6 During the 
next 6 months there was a loss of 22 pounds on a diet of CH 100, Cal. 1000 
\ glucose tolerance test on February 12, 1941, was normal. The low 
carbohydrate diet continued over a period of 9 months evidently resulted 
in an improvement in this patient’s tolerance for carbohydrate (Chart 6 


Regular diet 9 
| 


| 
| ——-——cHo 1s 
| 
300+ 
- 
= = O-14 » Full diet 
= r ~ | 
= 4 oF 
~ 6-17 Full diet 
= 
9-18-40, Diet - CH 30 
: gt 11-13-40, Diet - CH 40 
2 
Fasting hr. lhr. . 2hr. 
Cuart 7.—Case 7. Female, age 18, mild diabetes, weight normal Polerance 
proved as diet is raised from CH 150 to CH 300 and later to CH 400. Concelusi 


rease in glucose tolerance on a high-« arbohyvdrate diet 


Case 7.—B. M., female, aged 18 years, weight 121 pounds, which was 
normal. While on a full diet, including sugar, glucose tolerance curves on 
two occasions (6/14 40 and 6 17/40) showed a definite impairment in toler- 
ance for carbohydrate (Chart 7). The diet was restricted to CH 150 
Three weeks later (7.8 40), a glucose tolerance curve indicated a distinct 
improvement in carbohydrate tolerance. The diet was increased to CH 300 
Two months later (9 18/40) her glucose tolerance was definitely normal 
Again, the diet was increased to CH 400 and again 2 months later (11/13 40 
the glucose tolerance curve was normal. The tolerance of this patient for 
carbohydrate increased when the diet was raised to CH 300 and showed 
very little change on a CH 400 diet. On a diet lower than CH 300, how- 
ever, there was a mild impairment of carbohydrate tolerance (Chart 7) 


Conclusions. ‘The carbohydrate tolerance in many diabetics may 
be increased by diet. The type of diet, whether high- or low-car- 
bohydrate, is not the determining factor but the important principle 
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the feeding of the patient with the maximum amount of carbo- 
hvdrate which can be utilized. When this is carried out the car- 
bohydrate tolerance is likely to increase whether the diet required 

high or low in carbohydrate content. 

If the quantity of carbohydrate taken by a diabetic exceeds his 
tolerance the severity of the diabetes will increase. This is in con- 
trast to the normal person who invariably loses glucose tolerance on 

low-carbohydrate diet, and gains with a high-carbohvdrate diet 

Consequently, there is no uniform optimal carbohydrate content 
or diabetic diets. Each case must be evaluated according to the 
requirements of the individual. 
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ANGINA PECTORIS IN YOUNG INDIVIDUALS WITH AORTIC 
INSUFFICIENCY. 


A REPORT OF 6 CASES 


By A. CARLTON ERNSTENE, M.D., 


SECTION ON CARDIO-RESPIRATORY DISEASES, ¢ EVI AND CLINIC 
AND 
Ronerr W. Scunemper, M.D)., 
ESIDENT PHYSICIAN CLEVELAND ¢ INI¢ HOSPLITA 
CLEVELAND 

THERE is a form of angina pectoris that differs in important 
respects [rom the form due to coronary arters disease. ‘The condi- 
on occurs in voung individuals, and the significant anatomic lesion 


ociated with it consists of pronounced aortic insufficiency of 
heumatic origin. The pain is similar in location, quality and radia- 
tion to that of the common form of angina pectoris, and the attacks 
iay be induced by effort or excitement. The most important dis- 
ruishing characteristic of the syndrome, however, consists of the 
currence of nocturnal seizures, and it is these attacks that usually) 
mstitute the principal complaint of the patient. The nocturnal 
ittacks are extremely severe, usually last 10 to 20 minutes, and fre- 
juently recur several times during a night. Nitroglycerin usually 
ves prompt relief, but patients who have had no treatment often 
eport that the only spontaneously beneficial measure consists of 
getting up and walking about. The attacks are further distin- 
guished by the common occurrence of prominent vasomotor changes 
uch as flushing of the face, sweating, palpitation and throbbing of 


| 
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the vessels of the neck. Because this form of angina pectoris has 
received only limited attention in the literature, it is believed that 
a report of 6 additional cases should be of interest. 


Case Reports. Case 1.— Rheumatic heart disease, enlargement of the 
heart, aortic insufficiency and probable stenosis, mitral ins ifliciency, angina 
pectoris. A white boy of 18 came to the Clinic on December 28, 1939, 
because of severe paroxysmal pain in the chest. He had had rheumatic 
fever at the age of 8 vears and again 2 vears later. One vear before his 
admission, he began to experience attacks of severe, clutching pain in the 
precordial and upper substernal areas. The pain radiated to the left side 
of the neck, left shoulder and down the inner aspect of the left arm to the 
hngers Occasionally there was radiation down the right arm as well 
The attacks were accompanied by dyspnea, orthopne 1, 2 sense Of sulloca- 
tion, severe palpitation and throbbing of the vessels of the neck. Ocea- 
sionally they were precipitated by exertion, excitement or exposure to cold, 
and at times they developed with little or no provocation after a large meal 
The most severe and most frequent seizures, however, occurred at night 
and wakened him from sleep. There had been from one to three attacks 
per week, and the usual duration of the pain was from 5 to 30 minutes 
The seizures which were brought on by exertion were re heved by rest, but 
tor those which occurred at night the only helpful measure consisted of 
sitting on the edge of the bed or standing Occasionally some added benefit 
seemed to result from swinging the left arm in circles at the shoulder 

Physical examination revealed well-developed, vel] nourished indi- 
vidual The temperature Was normal, the pulse rate S4 per minute and 
the blood: pressure 150 mm. systolic and 20 mm. diastolic. There was 
foreible pulsation of the vessels of the neck, and capill irv pulsation, Duro- 
Ziez Ss sign and a waterhammer pulse were present The heart was greatly 
enlarged. A systolic thrill was felt over the aortic area, and the aortic 
second sound could not be heard, Loud svystolie and diastolic murmurs 
were present over the aortic area, and the diastolic murmur was transmitted 
downward along the left border of the sternum. A moderate svstolie and 
a transmitted diastolic murmur were present over the apex. There were 
no signs of congestive heart failure 

Roentgenologic examination of the chest showed the left ventricle to be 
greatly enlarged. There was no prominence of the pulmonary artery and 
‘onus, and the right anterior oblique plate revealed no enlargement of the 
left auricle. An electrocardiogram showed nothing ol significance except 
for moderate left axis deviation. Urinalyses, blood counts, and the eryth- 
rocyte sedimentation test all gave results within the limits of normal, and 
the Wassermann reaction of the blood was negative 

Cervico-dorsal laminectomy with section of the posterior roots of the first 
five thoracic nerves on both sides was done on January 3, 1940. The post- 
operative course was uneventful although on two occasions before leaving 
the hospital the patient was awakened at night with mild pain in both sides 
of the neck. 

Eleven months after the operation, the patient reported that he was still 
experiencing attacks of pain once or twice a week or less often. The pain 
was confined to the sides of the neck from the clavicles to the lobes of the 
ears and was more severe on the left side than on the right Occasionally 
there was radiation of the pain down the inner aspect of the left arm to the 
wrist. The attacks could be brought on by exertion or excitement but usu- 
ally occurred at night. They were still accompanied by rapid, forceful 
heart action, throbbing of the vessels of the neck, sweating of the face and 
neck, dyspnea and weakness. Nitroglycerin, ,}, gr., invariably gave prompt 
relief, 
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Rheumatic heart disease, enlargement of the heart, aortic insuffi- 
probable stenosis, mitral stenosis and insufficiency, angina pectoris. 
te man of 21 first came to the Clinic on June 15, 1936, at which time a 

rheumatic heart disease was made, He returned 2 years later 

g of frequent attacks of severe, gripping, non-radiating pain in 
substernal region. The pain was accompanied by palpitation, 
the face and sweating, but there was no dyspnea. The attacks 

t avs occurred at night, awakening him from sleep, and at times 

t of lving down precipitated a seizure. Occasionally the sudden 

activity after a period of rest would induce the pain, but except 
ere had been no relationship between the attacks and exertion. 
te or nitroglycerin gave prompt relief from the pain, and it had 
sary to repeat the use of these drugs as many as 20 times during 


ymination revealed a tall, thin individual. The temperature 

il, the pulse rate 84 per minute and the blood pressure 188 mm. 
1 30 mm. diastolic There was forcible pulsation of the vessels 
: Duroziez’s sign and capillary pulsation were present, and the 
e was of the collapsing type. The heart was enlarged, and a 
ic thrill could be felt over the base and in the vessels of the neck. 

ce and diastolic murmurs were present over the aortic area, 

e apex a moderate systolic and a faint diastolic murmur with a 
ial crescendo were heard, There were no signs of congestive 


gic examination of the chest showed enlargement of the left 


ntricle and straightening of the upper left border of the heart. The right 


jue plate showed enlargement of the left auricle. An electro- 
revealed sinus rhythm, notched P waves in all leads, deep inver- 
and increased amplitude of QRS,, slurring of notching 
IRS., and left axis deviation. Urinalyses, blood counts and the erythro- 
entation test all gave results within the limits of normal. The 
reaction of the blood was negative 
e inferior cervical and upper four dorsal sympathetic 
the left was performed on August 5, 1938. Five months later 
t reported that the attacks had not diminished in frequency, 
the pain was possibly somewhat less severe. The seizures now 
nly at night; there had been no attacks as a result of exertion. 
reason amvl nitrite and nitroglycerin had not been used, and the 
el taking 5 or 6 gr. of codeine sulphate plus large amounts of 
sky each night. He reported, however, that the most helpful measure 
d consisted of stretching his arms above his head and support- 


from a door frame. Except for a Horner’s syndrome on the 
ide, the phvsical examination revealed no changes from the findings 


t] 


eviously. 

tebral aleohol injection of the inferior cervical and upper four 
il pathetic ganglia on the right was done on January 12, 1939. 
procedure resulted in no improvement. Two years later the patient 

100 nitroglycerin tablets every 8 to 15 nights. 
Rheumatic heart disease, enlargement of the heart, aortic insu ffi- 
insufficiency, angina pectoris. A white, married woman of 30 
e Clinic on September 12, 1938, because of severe, paroxysmal 
e substernal region. She had had rheumatic fever at the age of 
ind 6 years later had experienced her first attack of pressure-like 


iin in the chest. At first the seizures occurred at infrequent intervals 


vere periods of as long as 6 months without symptoms. The 
icks alwavs oecurred at night and were never induced by exertion. 
eemed to be an important precipitating factor. The seizures had 


( 
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increased gradually in frequency, and at the time of the patient’s admission 
they occurred at least once a week and often several times a night. Tachy- 
cardia, palpitation, dyspnea, profuse perspiration, and a generalized feeling 
of warmth accompanied the pain but no changes in color had been noted. 
Occasionally there was radiation of the pain to the left shoulder. No 
medication had been employed, and the only measure which had been 
found to give relief consisted of standing up and moving about. The 
duration of the attacks varied from a few seconds to 15 minutes. 

On physical examination, the temperature was normal, the pulse rate 
110 per minute, and the blood pressure 132 mm. systolic and 50 mm. dias- 
tolic. The area of relative cardiac dullness extended 13 em. to the left 
of the mid-sternal line in the sixth interspace. The heart rhythm was 
regular. Over the aortic area a short systolic and a long low-pitched 
diastolic murmur were heard, the latter being transmitted downward along 
the left border of the sternum Sy stolic and diastolic murmurs also, were 
present at the apex, There were no signs of congestive heart failure 
Capillary pulsation was present, and the pulse wave was of the waterhammer 
type 

Roentgenograms of the chest showed enlargement of the outflow tract 
of the left ventricle, A right anterior oblique plate revealed no enlargement 
of the left auricle. The electrocardiogram showed slurring of the QRS 
complexes with notching in Leads I and III, diphasie 7), inverted 7;, and a 
normal electrical axis. The blood count and urinals ses gave normal find- 
ings, and the Wassermann reaction of the blood was negative. 

Paravertebral alcohol injection of the upper four dorsal sympathetic 
ganglia on the left side was performed on September 14, 1938. One month 
later the patient reported that the attacks had not diminished in frequency 
but had lessened some in severity. Three months later, however, the 
selzures had almost ceased to recur and those which were experienced were 
mild and of short duration. 

Case 4.—Rheumatic heart disease, enlargement of the heart, aortic ins iffi- 
ciency, mitral stenosis and insu fhici ney, angina pectoris \ white salesman 
of 24 years came to the Clinic on December 27, 1935, because of attacks of 
pressure-like epigastric and lower substernal pain during the preceding 
2 years. The symptoms often appeared after a large meal and at other 
times were induced by excitement or by exertion in cold weather. Most of 
the attacks, however, occurred at night and wakened him from sleep 
Getting out of bed and standing up would give relief in 15 or 20 minutes 
The pain was accompanied by palpitation and dyspnea and often by dull 
aching pain over the inner aspect of the left arm down to the wrist. The 
patient had had rheumatic fever at the age of 16 vears 

On physical examination, the left border of the heart was 14 em. from the 
mid-sternum in the sixth interspace. The heart rhythm was regular and 
the rate 80 per minute. Systolic and diastolic murmurs were present over 
the aortic area, and the diastolic murmur was transmitted downward along 
the left border of the sternum. Over the apex a harsh systolic and a loud 
diastolic murmur with presvstolic accentuation were heard. The radial 
pulse wave was of the Corrigan type, and Duroziez’s sign and capillary 
pulsation were present. The arterial blood pressure was 190 mm. systolic 
and 40 mm. diastolic. There were no signs of congestive heart failure 
The blood count and urinalysis gave normal results, and the Wasermann 
reaction of the blood was negative. 

Secause of unpleasant side actions, the use of nitroglycerin was refused. 
The attacks increased steadily in frequency and severity and continued to 
occur more often at night than at other times. For several months before 
his death he was forced to stand up a large part of each night. He died in 
his sleep on September 2, 1939, after having worked as usual on the pre- 
ceding day 
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( Rheumatic heart disease. e) argement of the heart, aortu insuffi- 
stenosis and insuflicrenc /, left bundle branch block, angina 
\ white married woman of 32 was referred to the Clinie on 

13, 1936, because of paroxysmal pain in the chest accompanied by 

mea, orthopnea, palpitation, throbbing of the vessels of the neck, 

d profuse perspiration. Nine years earlier she had first been awakened 
night with intense dyspnea and a sense of oppression in the chest, but no 

The attack lasted 10 to 15 minutes A second seizure oc- 

irred ights later, and from then on the attacks increased steadily in 
With this progression, the sense of oppression was replaced by 


( which originated tl substernal region and 
idiated to both shoulders and at times down the inner aspect of both arms 
the fingers At the time of the patient’s admission, attacks lasting 10 
201 ites were occurring 6 to 8 times each night, and occasionally a 


ire would persist for several hours. In addition, excitement 
recipitated seizures during the day, but the attacks never were 


duced exertion. Amyl nitrite was of only doubtful benefit, and the 
il measures seemed to be sitting up or walking about. The 

itient id had rheumatie fever at the age of S vears 

P} examination revealed a greatly enlarged heart with regular 


thi ida rate of 102 per minute. A low-pitched diastolic murmur was 
t the aortic area and along the left border of the sternum. <A harsh 
loud diastolic murmur were present over the apex. There 


ere 1 gns of congestive heart failure. The arterial blood pressure was 
141 tolic and 66 mm. diastolic 
Roentg gic examination of the chest revealed great enlargement of 


tricle and prominence of the pulmonary artery and conus. The 

uoOgTam showed lef bundle braneh block and a normal P R 

tel 0.16 second Mild hv pochromic anemia was present. The 
Wassermann reaction of the blood was negative 

On October 29, 1936, the patient experienced an attack of severe pain 

ed by intense dyspnea and evanosis and died within a few hours. 


( Phe ematic heart dise ase, large ment of heart. aorty insu flicr ney 
fenosis. mitral insu fhe iency and stenosis, angina pectoris, syph- 

\ ite man of 25 came to the Clinie on February 14, 1938, because 
severe, burning pain in the substernal region during the pre- 

ng 9 nths. The seizures were induced by limited exertion and often 

e on during or soon after a meal. In addition, they frequently occurred 


ght, awakening him from sleep and forcing him to sit or stand or pace 
From its point of origin in the substernal region the pain usually 
radiated to the upper precordial area, and at times was accompanied by 
ng } nin the lower teeth, The attacks were accompanied by dyspnea, 

ind profuse perspiration Seizures occurred several times each 
ind a few times every night, and the pain usually lasted 20 minutes to 
Phe patient had had several attacks of rheumatic fever, but there 


hee oint symptoms or signs since the age of 19 years. There was 
histor f luetie infection 
| P] examination revealed none of the stigmata of congenital syphilis. 


lhe temperature was normal, the pulse rate 72 per minute, and the blood 
ressure 120 mm. systolic and 20 mm. diastolic. The heart was moderately 
arged, and a rough systolic thrill was present over the base. Loud sys- 
lic and diastolic murmurs were heard at the aortic area and apex. The 
rtic second sound was absent. Capillary pulsation and Duroziez’s sign 
ere present, and the pulse wave was of the collapsing type. There were 
igns of congestive heart failure. 
The teleroentgenogram of the chest showed moderate enlargement of the 
eft ventricle and prominence of the pulmonary artery and conus. A right 
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anterior oblique plate revealed great enlargement of the left auricle. An 
electrocardiogram showed deep inversion of 7, and 7,, slight inversion of 7's, 
and a normal electrical axis. The urinalysis and blood count gave normal 
findings. The Wassermann reaction of the blood was 44 

On the afternoon of the patient's admission, he was seen in an attack. 
There was agonizing pain, the face was pale, and there was profuse, clammy 
perspiration. The neck vessels were throbbing forcibly, and the patient 
complained of palpitation and dyspnea. The pulse rate was 84 per minute, 
but the blood pressure had increased to 200 mm. systolic and 40 mm, dias- 
tolic. The symptoms were relieved promptly by nitroglycerin, gr 

Strictly limited activity was advised, and the patient was directed to take 
nitroglycerin before each meal and as necessary for the attacks One mont! 
later he reported that the seizures were less lrequent and less severe but that 
they still occurred several times each day and once or twice every night 
Death occurred on September 14, 1938. 


Discussion. Although isolated examples of the syndrome illus- 
trated by these cases had been reported earlier, the clinical features 
of the condition were first delineated by Schwartz'? and White and 
Mudd."* Additional cases were reported subsequently by Stol- 
kind,” Levin,’ Korns,® Lewis,’ Eakin,? and Bland and White. 
Keefer and Resnik® also mention having observed 4 patients who 
had rheumatic aortic insufficiency and angina pectoris. The syn- 
drome, however, is uncommon, and the total number of cases re- 
ported is still well under 100. 

Vaquez" reviewed the earlier literature concerning the existence 
of two varieties of angina pectoris distinguished by the terms 
“angina pectoris of effort’’ and “angina pectoris of decubitus.” 
He described the two forms in detail, and although he did not asso- 
ciate angina of decubitus with aortic insufficiency, he did recognize 
that this variety) occurred in individuals in whom the left ventricle 
was greatly enlarged and there was little or no coronary artery 
disease. He pointed out that individuals who have angina pectoris 
of decubitus may also experience attacks of pain on effort and was 
of the opinion that this mixed form was due to the presence of cor- 
onary artery disease or aortic atheroma in addition to an enlarged 
heart. The cases described in the present report illustrate the 
clinical features of angina pectoris of decubitus and demonstrate 
the dependence of the syndrome upon the presence of free aortic 
insufficiency. It should be emphasized that in 4 of the 6 patients 
attacks of pain also were induced by exertion, and yet the age of 
the patients was such that there was no ground for assuming the 
presence of coronary arter\ sclerosis. 


It is generally accepted that the pain of angina pectoris is due to 


relative anoxemia of the myocardium.’ In aortic insufficiency, 
coronary bloodflow is diminished because of the lowered diastolic 
blood pressure and the reduced mean aortic pressure.!?-"" [t is readily 


understandable, therefore, how in a young individual with aortic 
regurgitation, an increase in the demands upon the heart incident 
to physical exertion can result in a sufficient degree of myocardial 
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hoxemia to produce anginal pain. In the case of angina pectoris 
of decubitus, however, some mechanism must be sought whereby, 
hile the patient is at rest, the load upon the heart is increased to 
the point that the reduced coronary bloodflow is unable to main- 
tain an adequate oxygen supply to the myocardium. The nature 
this mechanism was revealed by. the observations of Schwartz!® 
nd Lew Schwartz’? noted that during the attacks of pain the 
ood pressure always was greatly increased above its usual level. 
In individuals who obtained relief from nitroglycerin or amyl nitrite, 
he reel Was accompanied by a rapid reduction in the pressure, 
ften to a level below the original value. If the pain returned after 
he effects of the drug had worn off, the recrudescence was accom- 
vanied by a rise in pressure to its former high level. Lewis* demon- 
trated that the rise in blood pressure was accompanied by an 


crease in the pulse rate and that both of these changes preceded 
the onset of pain. Although these observations establish the fact 
it the attack of angina pectoris of decubitus is precipitated by a 
e in blood pressure and pulse rate, it is often difficult to identify 


he factors which are responsible for these circulatory changes. In 
ertain individuals there is a direct relationship to excitement or the 
king of a meal,* and it is probable that the nocturnal seizures are 
nduced by factors which disturb the patient’s sleep. MacWilliam® 


demonstrated that disturbing dreams may cause a rise of as much 
70 mm. in the systolic blood pressure and an increase in pulse 
rate of 20 or more beats per minute. One of our patients was firmly 
thie pinion that dreams were responsible for her nocturnal 
sland and White® reported 4 cases of the syndrome under discus- 


on in which active rheumatic infection initiated the attacks. A 
ilar relationship was present in 2 of the 8 cases recorded by 
White and Mudd" while in a third, the attacks first developed after 


ittack of influenza. These cases, however, are exceptional, for 
the great majority of instances of angina pectoris associated with 


eumatic aortic insufficiency, there has been no relationship to 
ctive rheumatic infection. In none of the cases reported in the 
resent Communication was the initial occurrence of angina pectoris 
recipitated by active infection. 
Although angina pectoris of decubitus in its pure form (the form 
which there are no attacks related to exertion) is encountered most 
ommontly in young individuals who have pronounced aortic regurgi- 
tation, it also occurs at times in older patients with rheumatic aortic 
ufficiency and in persons who have luetic aortitis with aortic 
suficiency. More often, however, these older patients also suffer 
from attacks which are precipitated by exertion, possibly because 
of associated coronary artery disease or narrowing of the ostia of 
the coronary arteries. 


There is general agreement that the prognosis of angina pectoris 


= 
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due to rheumatic aortic insufficiency is better than that of angina 
pectoris of effort due to coronary artery disease. In 3 of the 5 cases 
studied by Schwartz,'’ the attacks spontaneously ceased to recur 
after a period of several months to 4 years. This apparently 1s 
unusual for it has not been reported by other observers. The experi- 
ence recorded in the literature and in the present Communication 
indicates that, although the average duration of life after the first 
attack of pain is greater in these patients than in those who have 
angina pectoris associated with coronary arters disease, the prog- 
nosis is uncertain in the individual case because of a distinct lia- 
bilits to sudden death. The other common cause of death is 
congestive heart failure. 

Although amyl nitrite and nitroglycerin usually afford prompt 
relief from the seizures of angina of decubitus, there is no medical 
measure which is effective in preventing the development of the 
attacks. Surgical treatment, however, is often successful in’ this 
respect. The procedures emploved have been para\ ertebral alcohol 
injection of the upper thoracic sympathetic ganglia, excision of the 
inferior cervical and upper dorsal svmpathetic ganglia, and cervico- 
dorsal laminectomy with section of the posterior roots of the upper 
thoracic nerves bilaterally. Because no one observer has had the 
opportunity to study more than a small number of cases, no state- 
ment can be made concerning the relative value of these measures. 
It is of considerable interest that in the cases which Bland and 
White® treated by paravertebral alcohol injection and in the case 
reported in the present communication treated by section of the 
posterior roots of the upper thoracic nerves, the vasomotor dis- 
turbances of the attacks were not altered even though the pain was 
partially or completely controlled. 

Summary and Conclusions. |. Six cases of angina pectoris of 
decubitus in young persons who had rheumatic heart disease with pro- 
nounced aortic insufficiency have been reported. All of the patients 
experienced repeated nocturnal attacks and it was of these seizures 
that they principally complained. In 4 of the 6 individuals, at- 
tacks also were induced by exertion. Prominent vasomotor changes 
such as flushing of the face, sweating, palpitation and throbbing of 
the vessels of the neck accompanied the pain In 5 patients. The 
pain in each case was similar in location, quality, and radiation to 
that of the common form of angina pectoris and usually was relieved 
promptly by amyl nitrite or nitroglycerin. In none of the cases 
was the initial occurrence of angina pectoris precipitated by active 
rheumatic infection. 

2. The average duration of life after the first attack of angina 
pectoris due to aortic regurgitation is greater than in patients 
who have angina pectoris due to coronary artery disease, but the 
prognosis is uncertain in the individual case because of a distinct 
liability to sudden death. 
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3. ‘There is no medical measure that is effective in preventing the 
occurrence of the attacks in this form of angina pectoris. Various 
urgical measures have been employed and often with considerable 
benefit Because of limited experience, however, no statement can 
be made as to the relative value of the different procedures. 

!. ‘The earlier literature concerning this form of angina pectoris 
has been reviewed briefly, and the pathogenesis of the attacks has 
been discussed. 
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BOOK REVIEWS AND NOTICES 


LECTURES ON DISEASES OF CHILDREN. By Sir Ropert Hurcutison, Barr., 
M.D., LL.D., F.R.C.P., Consulting Physician to the London Hospital 
and to the Hospital for Sick Children, Great Ormond Street, and ALAN 
MoncrierF, M.D., F.R.C.P., Physician to the Children’s Department, 
Middlesex Hospital, and to Out-Patients, Hospital for Sick Children, 
Great Ormond Street; Pediatrician to Queen Charlotte’s Maternity 
Hospital. Pp. 471; 107 illustrations. Eighth Edition. Baltimore 
The Williams & Wilkins Company, 1940. Price, $6.75 
THE publication of an eighth edition of this little book indicates that it 

has been deservedly popular. It is not a complete text-book but is intended 
as a guide for the office and home practice of Pediatrics. As such, it would 
be helpful for practitioners and students. The lecture style makes it easily 
readable and the approach is always that of the office rather than the 
hospital. Many excellent photographs present vivid supplements to the 
descriptions in the text. 

It is, therefore, unfortunate that the revision has not been drastic enough 
To pick only a few examples: In the feeding schedules given for infants, 
diversified diets are introduced much later than is now recommended 
[n a book published in 1940, intramuscular blood should not be given as the 
preferred treatment for hemorrhagic disease of the newborn. Nor is the 
spleen enlarged in glycogen storage disease, 

Books such as this one are needed but they must be accurate and embrace 
recent developments. 


BACILLARY AND RicKeETTsIAL INFecTIONS, Acute and Chronic. A Text- 
book: Black Death to White Plague. By Wituram H. Houmes, Pro- 
fessor of Medicine, Northwestern University Medical School, ete. Pp 
676. New York: The Maemillan Company, 1940. Price, $6.00. 

Tus book was written on the premise that teaching has two major func- 
tions: to transmit factual material and to point out the experiences and 
processes of observation, thought and experiment by which such factual 
material was evolved, and so perhaps to point the way to future progress, 
In short, teaching should teach not merely what to know, but how to think. 
Yet in medical teaching, partly because of the appalling mass of material 
involved, but partly also because of the attitude of teachers and the in- 
adequacy of textbooks, there has been too much emphasis on so-called 
facts, with the result that thought is frozen and progress delayed. For 
the facts of today are so often the proven fallacies of tomorrow. In the 
words of the negro preacher, “it ain't so much the things you don't know, 
as the things you know, that ain't so, that gits you into trouble.” Because 
of its masterful handling of the historical and evolutionary phases of the 
subject, as well as the broad view taken of the relation of disease and patient 
to the environment, this book deserves to be ranked as outstanding in excel- 
lence among current medical texts. It is all the more regrettable that 
the author’s plan to write a second volume covering in a similar way the 
virus diseases and the infections of coccal, spirochetal, and protozoal 
etiology was ended by his untimely death. An inevitable disadvantage for 
students in so complete a text is its size: nearly four times that given the 
subject in the usual one-volume textbook of medieine, so that some might 
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te to recommend it as a beginner’s text. But all would 
ise by students for collateral reading. Every physician, whatever his 
nterest, who reads this book will profit in enjoyment and broadening 
his viewpoint. That there be minor 


agree to its 


defects in a first edition is natural 
is serious and only one annoying: the persistent use of “tubercular” 
r “tuberculous.” 
It is to be hoped that the publishers will find someone sufficiently able 
ind inspired to snatch up the torch that has fallen from the hand of Dr 
H R. K. 
Mi PROGRESS ANNUAL 1940. A Series of Fifty-two Reports Pub- 
hed During 1940 in The New England Journal of Medicine. Managing 
edit Rowert N. Nye, M.D. Pp. 625; 9 illustrations. Springfield, 
Charles C Thomas, 1941. Price, $4.00. 
Lc ; to the publisher’s note, this volume “is an up-to-date guide 
improvements in modern clinical medical procedures in a fairly larg 
umber subjects of current interest.” 
The papers are arranged alphabetically according to title and are well 
sen to present an interesting variety of medical and surgical subjects. 
\n index is appended. Four of the fifty-two contributors apparently have 
! nnection with the Harvard Medical Sehool! W. J. 
\ Ma oF ALLERGY. For General Practitioners. B 
( H 


sy Mitton B. 
Director Fever and Allergy 
. Alexis Hospital, Cleveland. 
Hoeber, Inc., 1941. Price, $2.00. 
is that every family physician must be ready to recognize 
| treat allergic conditions. To gain this knowledge 
increasing number of books on 
internal medicine. 


of The Asthma, Hay 
inda 1; Visiting Physician in Allergy, St 
Pp. 156. New York: Paul B. 


there are available 
allergy and the 


current text- 

Che former, written for those specializing in 

e fie ir too detailed and voluminous; the latter, written for medical 

idet re hopelessly inadequate. There is clearly a need for a text on 
ergy that shall be : 


idequate but not too detailed for the general prac 

ner, and this need the author aims to fill. Opinions will differ, however 

how much the practitioner needs to know, and so the Reviewer, 

grees with nearly all that is said in the book and commands the 

llence of the presentation, believes it to be decidedly inadequate in 

extent. But “too little” is an error that a second edition can correct far 
than “too much.” 


R. 


(\PpPLIED PHARMACOLOGY. By A. J. CLark, M.C., M.D., F.R.C.P., 1 
Professor of Materia Medica and Pharmacology in the 
Edinburgh; Formerly Professor of Pharmacology in the 
Cape Town, 


University of 
and Later in the University of London. P 
trations, and 52 tables. 


‘.RS., 


University of 


. Pp. 672; 91 illus- 
Seventh Edition. Philadelphia: The Blakiston 

Company, 1941. Price, $5.50. 

IN this 


ision one new chapter has been added to deal with the sul- 
namide group of drugs, another to cover the pharmacology of the blood 
orming organs, and considerable changes have been made in the chapters 
n endocrines, vitamins, and immunology. Otherwise the book has not 


ween greatly changed and the recent literature, particularly that on human 
pharmacology, is for the most part ignored. 


C.5. 
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Carpiac Ciassics. A Collection of Classic Works on the Heart and Circu- 
lation with Comprehensive Biographic Accounts of the Authors. (Fifty- 
five Contribuicns by Fifty-one Authors.) By Freperick A. WILLIUs, 
M.D., M.S. in Med., Chief, Section of Cardiology, The Mayo Clinic; 
Professor of Medicine, The Mayo Foundation for Medical Education and 
Research, The Graduate School, The University of Minnesota, and 
Tuomas E., Krys, A.B., M.A., Reference Librarian, The Mayo Clinic; For- 
merly Carnegie Fellow, The Graduate Library School, The University of 
Chicago. Pp. 858; illustrated. St. Louis: The C. V. Mosby Company, 
1941. Price, $10.00. 

THE growth of our knowledge of the circulatory system and its disorders 
is one of the most interesting and important topics in the history of medicine. 
[t is quite appropriate, then, that an anthology on this subject be added to 
the bouquet of such productions, even though many of the items are already 
available in other collections. . The authors have deliberately chosen to avoid 
all cardiac classics before Harvey's truly ‘“‘epoch-making”’ contribution, but 
even so have filled a large book with the 55 masterpieces selected. De gustibus 
non disputandum, but one may at least record a slightly differing viewpoint: 
Still avoiding an undesirable, radical abridgment, some of the selections might 
well have been considerably shortened without material loss, and room then 
found for other noteworthy contributions, some of which are not found, 
supposedly because they happende to have antedated Harvey. Thus enough 
could be saved from Stephen Hales (27 pp.), Auenbrugger (23 pp.), Laennec 

57 pp.), Austin Flint (29 pp.), Potain (26 pp.), and others to have found space 

for pertinent selections from Hippocrates, Galen, Leonardo, Vesalius, Canano, 

Servetus, Cesalpinus, Floyer, Willis, Hodgson, the brothers Weber, Purkinje, 

Pachon, Raynaud, Krogh and others of cardiovascular fame. Harvey, to 

be sure, should be premier in any selection of Cardiac Classics; but with 

many modern translations of De Motu now easily available, 63 pages might 
well seem too high a price to pay. 

But again we recognize de gustibus, and are truly grateful for the excellent 
feast provided. Fifty-five masterpieces on the anatomy, physiology, 
pathology, semeiology, diagnosis and therapeusis of the cardiovascular 
system are presented in chronologic order from Harvey to James B. Herrick. 
Each is preceded by a brief biographic sketch and accompanied by well 
chosen, attractive illustrations. 

We hope that this attractive volume will be suecessful in its aim of 
making medical men better acquainted with the great achievements of 
cardiology as described in the very words of the masters. E. K. 


TEXTBOOK OF BacTERIOLOGY. By Epwin O. Jorpan, Pu.D., Late Andrew 
MeLeish Distinguished Service Professor of Bacteriology, University of 
Chicago, and WiLt1aM Burrows, Pu.D., Assistant Professor of Bacteri- 
ology, University of Chicago. Pp. 731; 170 illustrations. Thirteenth 
Edition, revised. Philadelphia: W. B. Saunders Company, 1941. 
Price, $6.00. 

THE change in the title from that of the twelfth edition, “A Textbook 
of General Bacteriology,”’ indicates a trend in the book from general bac- 
teriology towards medical bacteriology. The chapters on bacterial dis- 
eases of plants and bacteria in industry have been omitted, as well as the 
noticeable typographical errors and some of the obsolete material. The 
portions of the book dealing with the physiology of bacteria, the relation 
of bacteria to disease, immunity, viruses, and so forth have been expanded. 
It is to be regretted that in this revised edition such a lively subject as 
chemotherapy should be treated in the following manner and extent, 
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Recent work, however, suggests that some of the sulfonamide dyes (sulfan- 
ilamides) may be efficacious in the treatment of infections with hemolytic 


treptococei and certain other organisms.”’ H. M. 

\ Hisrory or MaGic aNb EXPERIMENTAL SciENCE, Vols. 5 and 6, The 
Sixteenth Century (History of Science Society’ Publications, New 
Series I\ By Lynn Tuornpike&, Professor of History, Columbia Uni- 


versity. Pp.: vol. 5, 695; vol. 6, 766. New York: Columbia University 

Press, 1941. Price, $10.00 a set. 

lTHese two volumes conclude Professor Thorndike’s extensive study of 
magic and experimental science from Roman times to the early years of the 
i7th century. Lest the title should seem to include two incongruous topics, 
t may be well to emphasize that the author interprets magic in the earlier 
ense represented by the Magi or wise men of Persia, that is, a mental 
attitude toward the world and not “merely a collection of rites and facts.” 
The first pair of volumes, which appeared in 1923, carried the subject 
through the 13th century, the next pair covered the 14th and 15th centuries, 
this last pair deals with the 16th century. 


As in previous volumes, Dr. Thorndike approaches nature from many 
ingle Lionardo and Achillini are followed by Cocles (chiromancy), 
Nifo (demons), Pomponazzi (incantations), Symphorien Champier, Agrippa, 
Melanchthon, and many others not to be found juxtaposed in other works 
Chapters more familiar to physicians on Brasavola and pharmacy, and on 
(German medicine (why German particularly?), are followed by others on 


ilchemy, Vesalius, Fracastorius. Astronomy and astrology naturally demand 
eive much space 
[In a final chapter, the author’s summary gives a good idea of the ground 
covered in these two, as well as in all six books of the series In the two 
olumes under review we find that references were made to more than 3000 
persons and to some 1700 topies and names of things. The influence of the 


umanism of the period under consideration is seen in the more frequent 
ypearance of verse and orations in these volumes. Printers and publishers 
iturally become more prominent, with those of Venice in the lead, followed 
by Paris, Lyons and Rome; physicians of no fewer than 70 towns required 
notice. The topics most frequently included were animals, vegetables, and 
ntellectual, religious and occult subjects, all but‘the first named being more 
requent in these than in any of the previous volumes. More than one- 
third of the topics listed for the six volumes are found only in these two 
olumes. One is not surprised to find evidences of the Renaissance reaction 


igainst the outmoded Middle Ages, and of the tendency to seek for the 
idden phenomena of nature rather than for the laws that govern them. 
Superstition, belief in witcheraft, intolerance, persecution, plagiarism were, 
to be sure, rife in the 16th century; but those who would look with pitying 
mdescension on such benighted habits would do well to consider the more 
serious evil trends that have invaded much of the civilized world today 
ind the storm clouds that threaten the very life of our intellectual world. 
Not limited by restrictions of space, that are only too frequent in works 
f this kind, the author is able to lighten his theme with aneedotes and 
biter dicta. The footnotes give ample evidence, as in previous volumes, of 
the wide range of Professor Thorndike’s scholarship. It is indeed fortunate, 
ilso, that he was able to complete his consultation of European sources 
before the recent political upheavals rendered so many of them temporarily 
rr permanently inaccessible. 
One closes what is apparently to be the last volume of the series with a 
trong impression of the tremendous amount of careful work that has been 
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put into this magnum opus. It not only contains a vast amount of inter- 
esting reading for the moment, but should long remain a rich storehouse of 
reference for those searching in these fields. KE. K. 


ESSENTIALS OF ELECTROCARDIOGRAPHY. For the Student and Practitioner 
of Medicine. By RicHarp AsHMAN, PH.D., Professor of Physiology, the 
Louisiana State University Medical Center; Director of the Heart Sta- 
tion, Charity Hospital of Louisiana, New Orleans, and EpGar Hv tt, 
M.D., Professor of Medicine, Louisiana State University Medical School; 
Senior Visiting Physician, Charity Hospital of Louisiana, New Orleans. 
Pp. 373; 122 illustrations. Second Edition. New York: The Macmillan 
Company, 1941. Price, $5.00. 

THe second edition of this primer of electrocardiography retains its 
previous format. It has been expanded by 161 pages, with some amplifica- 
tion throughout, by the addition of a chapter on cardiac anatomy, and by 
appropriate discussion and illustration of chest leads. W. J. 


Clinical and Experimental Investigations on the GeniraL FUNCTIONS AND 
THEIR Hormonat ReGuiation. By BERNHARD ZONDEK. Pp. 264; 
59 illustrations. Baltimore: The Williams & Wilkins Company, 1941. 
Price, $4.50. 

Tuts small book describes the author’s experiments in Jerusalem since 
1935, and deals with estrogens in plants, effect of estrogens administered 
percutaneously, effects of long-continued estrogen administration, fate of 
estrogen, progesterone, and prolan in the body, influence of hormones on 
the menstrual cycle, and related subjects. The data are not of very general 
interest, but the book makes available in a concise form the author's recent 
views and investigations for those who. are especially concerned with this 
phase of endocrinology. I. Z. 


FaTAL ParTNERS: War AND Disease. By. H. Masor, M.D. 
Pp. 342; illustrated. New York: Doubleday, Doran & Company, Inc., 
1941. Price, $3.50. 

Two, you might say three, of the Four Horsemen of the Apocalypse rage 
through these compelling pages. It is strange that we have so few books 
dealing directly with the peculiarly potent combination of war and disease, 
even though almost a quarter of a millenium ago Hippocrates announced 
his belief that a man who wished to know about medicine must of necessity 
follow the army. We welcome, then, this presentation by a competent and 
experienced medical historiographer, and especially at this time when much 
of the civilized world is already at war, with more still to come. 

Not attempting a complete narrative of the “fatal partnership,” the 
author has selected a dozen or more wars that illustrate the changing réle 
of disease in warfare. He begins with the Jliad and the Peloponnesian 
War, in the latter of which the predominant rdéle of the Plague of Athens in 
defeating the Athenians is stressed in a way that was never done in the schools 
I attended. The chapter on the Crusades gives good opportunity for a 
consideration of leprosy, scurvy and the noble work of the Knights Hospital- 
lers. The ‘Gunpowder Era” introduces Paré; an earlier ‘‘ War of Ideolo- 
gies’’ is found in the Thirty Years’ War; the debt of the “Corsican Colos- 
sus” to Larrey and Desgenettes provides another interesting chapter, as 
does the “ Lady of the Lamp.” 


t 
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The latter half of the book is given over to Solferino, and the Red Cross, 
he Spanish American and South African Wars, the World War, and the 
reludes in Ethiopia and Spain to our present catastrophic condition. 

This wisely selected material is embellished with adequate historical 
mackgrounds and occasional pertinent anecdotes. The book should be 
nteresting as well as informative to even the average lay reader and per- 


forms an important service for the thoughtful reader in determining the 


sutcome of wars and in offering ‘a signpost for the future.”’ E. K. 


LECTROCARDIOGRAPHY. Including an Atlas of Electrocardiograms. By 
Louis N. Karz, A.B., M.D., Director of Cardiovascular Research, 
Michael Reese Hospital; Assistant Professors of Physiology, University 
of Chicago. Pp. 580; 402 illustrations, including 806 electrocardiograms. 
Philadelphia: Lea & Febiger, 1941. Price, $10.00. 
Tuts is probably the most inclusive textbook of electrocardiography yet 
» be written by an American author. A judicious balance has been struck 
presenting fundamental concepts, illustrative tracings, and explanatory 


material. It is well suited to serve both as.an introduction and a source of 


eference. Those interested in only a superficial knowledge of the subject 
vill not care to read it. The author’s originality in certain matters of 
lassification and nomenclature will not be approved of by all cardiologists. 


NIVERSITY OF PENNSYLVANIA BICENTENNIAL CONFERENCE PUBLICATIONS. 
There are now being published by the University of Pennsylvania Press, 


Philadelphia, in pamphlets ranging in price from 25c. to 75c., the ad- 
dresses that were delivered on the occasion of the Bicentennial Celebra- 


tion of the University in September, 1940. The pamphlets which have 
appeared are these: The Study of Man (M-B). By Lawrence J. 
HENDERSON. (Pp. 22. Price, 25e.) A Challenge to Scholarship (M-D). 
By W. MAnsFrIeLp CLarK. (Pp. 20. Price, 50c.) Problems and Trends 

Virus Research (M1-2). By Tuomas M. Rivers, WENDELL M. 
STANLEY, Witpur A. Sawyer, Tuomas Francis, Jr., Ricwarp E. 
SHOPE, JOSEPH STOKEs, JR., and GEOFFREY RAKE. (Pp. 75. Price, 75c.) 
Therapeutic Advances in Psychiatry (M-3). By Epwarp A. STRECKER, 
(BRAHAM A. Britt, Notan D. C. Lewis, and H. 
Pp. 35. Price, 50c.) Medical Problems of Old Age (M-4). By Lovuts I. 
Dusiin, Howarp T. Karsner, O. H. Perry Pepper, and BARNEY 


Brooks. (Pp. 46. Price, 50c.) Nutrition (M-5). By Conran A. 
EL.venJeM, Cyrit N. H. Lone and V. McCouium. (Pp. 46. 
Price, 50c.) Female Sex Hormones (M6-7). By Epwarp A. Dotsy, 


Puitip E. Samira, Ropert T. Frank, and E_mer L. SevrineHaus. 
Pp. 58. Price, 50c.) Hypertension (M-8). By Harry GoLpBLartt, 
EuGeENE M. Lanpis and ALrrep W, Apson. (Pp. 46. Price, 50c.) 
Cause and Growth of Cancer (M9-10). By Louis F. Fresrer, Stan.ey P. 
,EIMANN, Peyton Rous, WarREN H. Lewis, Marcaret R. Lewis, 
and Batpurin Luck&. (Pp. 64. Price, 75c.) Dental Caries (M-11). 
By Henry Kuer, Carroui E. Patmer, Basit G. Brppy, and ELMER 
V. McCotium. (Pp. 53; illustrated. Price, 50c.) Development of 
Occlusion (M-12). By Wituiam K. Grecory, B. Hotty BroapBeEnt, 
and Miro Hetitman. (Pp. 72. Price, $1.50.) Problems of Intestinal 
Obstruction (M-13). By Joun P. PeTers, OweEN H. WANGENSTEEN, 
W. OsLer Apport, ALLEN O. WuippLe, and JoHN A. NELson. (Pp. 56. 
Price, 50c.) The Relation of Diseases in Lower Animals to Human Wel- 
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fare (M-14). By R. Monver, Raymonp A. Keser, and Cassius 
Way. (Pp. 39. Price, 50c.) Modern Aspects of the Antituberculosis 
Program (M-15). By J. Burns AMperson, KENDALL Emerson, WIL 
LIAM CHARLES Wuirte, and I. (Pp. 38. Price, 50c.) 
Chemothe rapy (M-16). By E. K. MARSHALL, S. Lockwoop, 
and René J. Dunos. (Pp. 42; 6 illustrations. Price, 50¢.) The Uni- 
versity and Public Health Statesmanship (M-17). By Arruur P. Hutcu- 
Harry 8. Mustarp, WALLER 8. LEATHERS, and CHARLES-EDWARD 
\. Winstow. (Pp. 33. Price, 50c.) 

LIMITED space prevents a listing of titles and positions held by the authors, 
let alone a separate review of each pamphlet. Yet a glance at the subjects 
and the names of well-known authorities in many fields of medicine, den- 
tistry and veterinary medicine, gives promise of an excellence of material 
and presentation that a perusal amply fulfills. We have here timely concise 
presentations of present knowledge and probable trends in fields of particu- 
larly active interest and importance, offered by those best qualified to do so 
The many physicians who were privileged to attend the sessions of the 
Bicentennial Celebration will weleome this opportunity leisurely to read 
and digest the interesting and stimulating things they heard, and will join 
the Reviewer in enthusiastically recommending the whole series to all 
physicians R. K. 


DISEASES OF THE NaiLs. By V. Parpo-Casre.tio, M.D., Assistant Pro- 
fessor of Dermatology and Syphilology, University of Havana, ete 
With a Foreword by How ARD Fox, M.D.., Professor of Dermatology and 
Syphilology, New York University, University and Bellevue Hospital 
Medical College. Pp. 193; 94 tlustrations. Second Edition. Spring- 
field, Ill.: Charles C Thomas, 1941. Price, $3.50 
Tuts excellent little handbook deserves a place on the desk of the practis- 

ing physician, the diagnostician, and of course, by all means, the dermatolo- 

gist. The second edition is materially improved over the first, in more 
extended consideration of the nail dystrophies associated with medical 
conditions; the photography is superior; the press work and half tone 
excellent; the bibliography up to date and inclusive. The book is a valu- 
able contribution to an obscure field. J. S. 


[TEMPERATURE MEASUREMENT AND ControL. By Numerous Authors. 
Sponsored by the American Institute of Physies. Pp. 1375; illustrated 
New York: Reinhold Publishing Corporation. Price, $11.00. Appendix 
of 25 reference tables is included and may be purchased separately bound 
for $1.00 per copy. 

Tuts book is the record of a symposium held in New York, November 2, 
3, and 4, 1939, under the auspices of the American Institute of Physies, 
and commemorating the 20th anniversary of a similar symposium on 
pyrometry. The chapter headings give an idea of the wide range of ap- 
proach to the subject as afforded by 126 papers by several hundred of 
authors from many fields of pure and applied science: temperature and 
temperature scales; precision thermometry; education; natural sciences; 
temperature in biology; temperature and its regulation in man; automatic 
temperature regulation and recording; general engineering; metals and 
ceramics industries; oil industries; optical and radiation pyrometry; thermo- 
metric metals and alloys. The 12 papers by physicians represent only a 
small fraction of the whole volume, yet each presents a distinct contribu- 
tion to the study of temperature. (It is hoped, however, that no reader 
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vill give any patient 10 grams of chloral hydrate at a dose, as stated in an 
‘bvious misprint.) For years to come, this volume should prove an inter- 
esting survey of today’s knowledge on pyrometry as well as a valuable 
ference work. R. K. 
MANt OF THE DISEASES OF THE Eye. For Students and General Prac- 


titioners. By CHarLes H. May, M.D., Consulting Ophthalmologist to 
Bellevue, Mt. Sinai and French Hospitals, New York, ete. Pp. 519; 
387 istrations. Seventeenth edition, revised with the assistance of 
CHartes A. Perera, M.D., Associate in Ophthalmology, College of 
ns and Surgeons, Medical Department of Columbia University, 


New York, ete. Baltimore: William Wood and Company, 1941. Price, 

$4.00 

Cue 17th edition of this popular textbook appears just 2 years following 
pr is revision. The new edition has been revised and some parts 

vritten; color plates and illustrations have been added and replaced 


These changes have brought the contents up to date without any increase 


\ new addition, of special interest at this time, gives the ocular require- 
nts of the Army, Navy, Marine and Air services of the United States. 
The many editions and 10 translations into foreign languages of this 
k set a remarkable record. It continues to be an excellent text for the 
indergraduate student and the general practitioner A.C. 
YMPHATICS, LymMpH, AND LymMpHorp Tissug. Their Physiological and 
Clinical Significance. (Harvard University Monograph in Medicine 
ind Public Health, No. 2.) By Crecin Kent Drinker, M.D., D.Sc., 


Professor of Physiology, School of Public Health, Harvard University, 
ind JosepH MENDEL Yorrey, M.Sc., M.D., F.R.C.S. (ENG.), Senior 
Lecturer in Anatomy, University College of South Wales and Mon- 


mouthshire, Cardiff, Wales. Pp. 406; 50 illustrations. Cambridge, Mass 
Harvard University Press, 1941. Price, $4.00. 

luis book is an important addition to the literature on the lymphatic 
tem; it is superbly written and contains a bibliography covering 44 pages. 


the first chapter the authors describe the anatomic and physiologic 
rganization of the lymphatic apparatus. They then discuss the permea- 
bility of blood capillaries and its relation to lymph formation; the permea- 
ity of lymphatics; lymph flow and lymph pressure; the chemical compo- 
tion and physical characteristics of lymph; the biologic significance of 
mphoid tissue; the cell content of lymph; and the lymphocyte. The last 
ipter is devoted to a discussion of the réle of the lymph and the lymphatic 
essels in such conditions as edema, hypertension, shock, inflammation. 
Though the authors give an excellent review of many features especially 
the physiology of the lymph and the lymph vessels, other aspects, particu- 
irly anatomy and hematology, are not dealt with as profoundly. For 
instance, the authors do not give a clear picture of the cortical nodules of 
he lymph nodes; as a matter of fact, they present a diagram (Fig. 1) 
owing ‘cortical follicles’ which do not exist. Moreover, in their chapter 
n the lymphocyte, they cite many facts and observations which seem to 
peak for the unitarian theory of leukopoiesis, while important data which 
ire not in accord with this theory are not included. Thus, the maturation 
the Golgi apparatus in the ripening lymphocyte is not mentioned; nor 
s it observed that the appearance of monocytes in tissue cultures of lym- 
hoeytes, which is regarded by many as the most important evidence for 
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the undifferentiated character of the small lymphocytes, is accounted for 
by the undifferentiated leukoblasts which are found among the lymphocytes 
which have been used for these cultures. It is true that the authors state 
in their preface that they “have cited literature as it has seemed pertinent, 
not with any idea of completeness but always with the notion of enabling 
the reader to extend his acquaintance with the subject as he may choose. 
This method of selecting a bibliography may here and there do injustice, 
but in a subject still so unsettled, any other course would only add further 


prolixity to a literature already too copious.”’ However, can we really 
clarify an issue if we ignore observations which do not fit in with our 
theory? W. E. 


THE CARE OF THE AGED (GERIATRICS). By MaLrorp W. THewuis, M.D., 
Attending Specialist, General Medicine, United States Public Health 
Hospitals, New York City; Attending Physician, South County Hospital, 
Wakefield, R. I., ete. Pp. 579; 35 illustrations, 23 tables and 15 charts. 
Third edition, entirely rewritten. St. Louis: The C. V. Mosby Com- 
pany, 1941. Price, $6.00 
In 1850 only 2.6% of the population of this country were 65 or more 

vears old. By 1940 this percentage had risen to 6.3, and if present trends 

continue, it will reach 14.4 in 1980. Everyone who has practiced medicine 
for some time knows that the aged present many medical problems peculiar 
to their years. It would seem that an increasing attention should be paid, 
both in medical teaching and in practice, to the field of geriatrics. It is all 
the more surprising that, although 17 vears have elapsed since the publica- 
tion of the second edition of this work, it is still the only recent English 
text dealing with the medical care of the aged. The book therefore meets 

1 real need and should find a wide appeal. While the style is often jerky, 

vith sudden changes in the trend of thought, and there is much unnecessary 

repetition, the volume nevertheless offers a vast store of practical informa- 
tion that should make it very helpful to all, especially to young physicians 
R. K. 


CEREBROSPINAL Fever. By Denis Brinton, D.M. (Oxon.), F.R.C.P. 
LoND.), Physician in Charge of the Department for Nervous Diseases, 
St. Mary’s Hospital, London; Assistant Physician to Out-Patients, Na- 
tional Hospital for Nervous Diseases, Queen Square, London, ete. Pp. 163; 
illustrated. Baltimore: The Williams & Wilkins Company, 1941. 

Price, $3.00. 

Epipemic cerebrospinal fever is largely a disease of war time, when 
crowding, poor ventilation and winter colds set the stage for a rapid spread of 
infection. The early months of 1940 witnessed the largest outbreak that 
the United Kingdom has known. Whereas during the 4 vears of the world 
war the average yearly number of cases was 2500, including both civilians 
and those in the services, there occurred over 5000 cases in the first quarter 
of 1940, or half as many in 3 months as in the 4 years, 1914 to 1918. Fortu- 
nately, a new and potent treatment was available, so that a new thera- 
peutic triumph can be recorded, both as to mortality (23.7°% among 4388 
civilians, 11.3% among 705 non-civilians), and as to length of incapacity 
3 weeks in hospital, 5 weeks of convalescence before return to active duty). 
This splendid little volume is based on the personal experiences of the author 
and on those of his colleagues in Britain. The emphasis is largely clinical, 
with detailed discussion of the problems of diagnosis; the dosage, mode of 
administration and toxic effects of the sulphonamides; the use of lumbar 


j 
4 


NEW BOOKS 400 


puncture (now limited to the diagnostic puncture, the final puncture to 
make sure the cerebrospinal fluid has returned to normal, and an occasional 
additional puncture for the treatment of headache or pains in the back 
ind neck); nursing care; prognosis (emphasis on early diagnosis, which to- 
gether with increased mortality in infants and the aged, explains the 


difference between civilian and non-civilian mortality). The book should 
be read at once by all physicians who are likely to encounter cases of this 
LIS€ R. K. 
Micro! or Destroy Us. By Paut W. ALLEN, PH.D., 
Profe r of Bacteriology and Head of the Department, University of 
lennessee, D. FRANK Pu.D., Associate Professor of Bacteri- 
University of Tennessee, and ALLEN M.S., 
Formerly Assistant in Bacteriology, University of Tennessee. Pp. 540; 
102 illustrations, and 13 color plates. St. Louis: The C. V. Mosby Co., 
144 Price, $3.50 
[His book is a successful attempt to make the layman “microbe con- 


nd at the same time, perhaps unintentionally, the authors have 
sented us with a work which could be used to good advantage as a text- 

k for general biology in colleges. The material is well organized, clearly 
resented and easily readable, being, for one thing, printed on eye-ease 
paper. The authors briefly discuss the history of bacteriology, the relation- 
p of science to man’s well-being, the nature of microbes, and most of the 


cific infectious diseases of man, whether of bacterial, viral or rickettsial 
y Fungi and protozoan parasites are also included. Other more 
general subjects considered are:y infection and resistance, disinfection, 
tv health activities, ailion drinking water safe, milk and milk 


products, disposal of sewage, garbage and wastes, the importance of microbes 
to surgeons, appendicitis, tooth infections, conjunctivitis, food poisoning, 
various fermented foods and essential industrial products H. M. 
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Vat Research Council. Re port of Committee on Drug Addiction 1929 
V Collected Reprints 1930-1941. Pp. 1581; illustrated. Wash- 
ington, D. C.: National Research Council, 1941. 

The New International Clinics, Vol. 3 N.S. 4, 1941. Edited by GrorGEe 
Morris Prersot, M.D., Professor of Medicine, Graduate School of 
Medicine, University of Pennsylvania, Philadelphia, with 17 Collabora- 
tors. Pp. 300; illustrated. Philadelphia: J. B. Lippincott Company, 
194] 

Chis ime presents 9 original contributions of varied nature and 13 ‘‘clinics’’ 
Washington University Dr. Cantarow reviews recent advances in clinical 
{lypoparathyroidism in Denmark. A Clinical Study. By AaGe LACHMANN. 


Pp. 269; illustrated. Copenhagen: Einar Munksgaard, 1941. Price, 
Dar 12 

Sulsar imide and Related Compounds in General Practice. sy WESLEY 
W. Spink, M.D., Associate Professor of Medicine, University of Min- 
nesota Medical School. Pp. 256. Chicago: The Year Book Publishers, 
Inc., 1941. Price, $3.00. 

lhe Furtherance of Medical Research. By ALAN Greoo, M.D., Director 

for the Medical Sciences at the Rockefeller Foundation. Pp. 129. New 

Haven: Yale University Press, 1941. Price, $2.00. 


Tob BOOK REVIEWS AND NOTICES 


The Therapeutics of Internal Diseases, Vols. 1 to 5. Supervising Editor, 
GEORGE Biumer, M.A. (Yale), M.D., David P. Smith Clinical Professor 
of Medicine, Yale University School of Medicine’; Consulting Physician to 
the New Haven Hospital. Associate Editor, ALBERT J. SULLIVAN, M.D., 
Chief Medical Officer, Gallinger Municipal Hospital, Washington, D. C 
Pp. Vol. 1, 872; Vol. 2, 1042; Vol. 3, 738; Vol. 4, 791; Vol. 5, 765; all 
illustrated except Vol. 2. New York: D. Appleton-( ‘entury Company, 
1940. Price, $50.00 the set 

Wounds and Fractures. A Clinical Guide to Civil and Military Practice 
By H. Winnett Orr, M.D., F.A.C.S., Lincoln, Nebraska, Chief Surgeon, 
Nebraska Orthopedic Hospital. Pp. 227; 137 illustrations. Springfield, 
[ll.: Charles C Thomas, 1941. Price, $5.00 

Immunity Against Animal Parasites. By James T. CULBERTSON, Assistant 
Professor of Bacteriology, College of Physicians and Surgeons, Columbia 
University. Pp. 274; illustrated. New York: Columbia University 
Press, 1941. Price, $3.50. 

The Baker Memorial, 1930-1939 A Study of the First Ten Years of a 
Unit for People of Moderate Means at the Massachusetts General 
Hospital. Pp. 75; 1 illustration. New York: The Commonwealth Fund, 
1941 

Diseases of the Thyroid Gland. Presenting the Experience of More Than 
Forty Years. By Arruur E. Hertrzier, M.D., Surgeon to the Halstead 
Hospital; Professor of Surgery in the University of Kansas. Pp. 670; 
354 illustrations and 2 colored plates. New York: Paul B. Hoeber, Inc., 
1941. Price, $8.50 

The Medical Clinics of Vorth America, Vol. 25, No. 5, Boston Number. Sep 
tember, 1941. Pp. 330; 29 illustrations. Philadelphia: W. B. Saunders 
Company, 1941. 


1 Brief Course in Organic Chemistry. A Combined Textbook and Labora- 
tory Manual. By RreyNnouip C. Fuson, Professor of Chemistry in the 
University of Illinois, RaLpH Connor, Associate Professor of Chemistry 
in the University of Pennsylvania, CHARLEs C. Price, Assistant Professor 
of Chemistry in the University of Illinois, and H. R. Snyper, Assistant 
Professor of Chemistry in the University of Illinois. Pp. 248; 24 illustra- 
tions. New York: John Wiley & Sons, Inc., 1941. Price, $2.50 

The Essentials of Occupational Diseases. By Jewerr V. Reep, B.S., M.D., 
F.A.C.S., and A. K. Harcourt, B.S., M.D., Indianapolis, Indiana. 
Pp. 225. Springfield, Ill.: Charles C Thomas, 1941. Price, $4.50 

Surgery of the Heart. By E.S. J. Kine, M.D., M.S., D.Sc. (Melb.), F.R.C.S 
(Eng.), F.R.A.C.S., Major A.A.M.C.; Honorary Surgeon to Out-Patients, 
Royal Melbourne Hospital; Jacksonian Prizeman, Royal College of 
Surgeons, ete. Pp. 728: 268 illustrations and 4 color plates. Baltimore 
The Williams & Wilkins Company, 1941. Price, $13.50 
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The Foot and Ankle. Their Injuries, Diseases, Deformities and Disabilities 
with Special Application to Military Practice. By Puitie Lewin, M.D., 
F.A.C.S., Associate Professor of Bone and Joint Surgery, Northwestern 
University Medical School; Professor of Orthopedic Surgery, Post- 
Graduate Medical School of Cook County Hospital, ete. Pp. 665; 304 
illustrations. Second Edition; 304 Line Drawings by Haro_p LAUFMAN, 
M.D. Philadelphia: Lea & Febiger, 1941. Price, $9.00 


PROGRESS 


OF 


MEDICAL SCIENCE 


THERAPEUTICS 


UNDER THE CHARGE OF 


CARY EGGLESTON, M.D 
FESSOR OF CLINICAL MEDICINE, CORNELL UNIVERSITY MEDICAL COLLEGE 
NEW YORK CITY, 


AND 


SOMA WEISS, M.D 
FESSOR OF THE THEORY AND PRACTICE OF PHYSIC AT HARVARD UNIVERSITY 
BOSTON, MASS 


THE URINARY TRACT IN SULFONAMIDE THERAPY. 


THREE important aspects of sulfonamide therapy, all of which con- 
cern the urinary tract, will be considered in this review. These are: 
the excretion of the sulfonamide drugs; 2, the urinary complications 
ulfonamide therapy; and 3, the sulfonamide treatment of urinary 
ract infections. The first of these is the most fundamental, since the 
two latter phases of sulfonamide therapy are dependent upon the man- 
er in which these drugs are excreted into the urine. For the most 
part, only those drugs will be considered which have been accepted 
is effective and have come into wide use in this country, namely, 
ulfanilamide, sulfapyridine and sulfathiazole. The more recently ac- 
epted drugs, sulfaguanidine and sulfadiazine, will also be considered. 
Absorption and Excretion of Sulfonamides. ‘The sulfonamide drugs 
occupy a unique place in the therapy of disease. They are given in 
urge, repeated doses. They are sparingly soluble, yet well absorbed. 
In the body they are partly converted to the para-acetyl derivatives, 
which are less soluble and usually less active and more toxic than the 
parent compounds. They are excreted in both the free and the acetyl- 
ited forms and probably also as other conjugated derivatives.’ 

The various sulfanilamide derivatives are absorbed to different de- 
vrees from the gastro-intestinal tract.”° In the case of each of the 
ulfonamides, however, almost all of the absorbed drug, regardless of 
the route of administration, is excreted into the urine. Only small 
quantities are excreted in the tears, saliva, breast milk and stools, or 
through the 

Sulfanilamide is recovered almost quantitatively after oral adminis- 
)618 Sulfapyridine is absorbed much less completely 


tration.® 


oes 
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when given by this route, judging from the percentage of ingested drug 
that is recovered in the urine. After single doses, from 40% to 90% of 
the latter drug appears in the urine.’%°57-.7014.7.118 — Brown et al. 
recovered 85% of all the administered sulfapyridine from the urine of 
one of their patients who was treated with this drug for 11 days, but 
this patient received intramuscular as well as oral doses.’ Kinsman 
ct al., on the other hand, were able to recover from the urine less than 
30% of the total drug administered to patients who were under con- 
tinuous treatment with 4-hourly doses of sulfapyridine.®’ Orally ad- 
ministered sulfathiazole and sulfadiazine occupy an intermediate posi- 
tion; they are usually recovered from the urine more completely than 


sulfapyridine but not so well as sulfanilamide.* 91% "The 
percentage of orally administered sulfaguanidine that is recovered from 
the urine is variable, but is usually quite low.“ Urinary recoveries 


after ingestion of an\ of the drugs may vary considerably in different 
individuals. It also seems likely that such recoveries are more com- 
plete after a single dose than they are after repeated doses or during 
continuous administration of the drugs. Parenterally administered 
sodium salts are excreted almost quantitatively.* = 

Renal clearances of the sulfonamide drugs have been studied in experi- 
mental animals and in humans. Marshall et al.” compared the renal 
clearances of sulfanilamide with the simultaneously determined creati- 
nine clearances in dogs. They found the sulfanilamide clearance to 
be 20% to 30% of the creatinine clearance, indicating tubular reabsorp- 
tion of 70% to 80% of the sulfanilamide. The findings in man were 
very similar. They also stated that the acetyl form is cleared more 
rapidly than the free form. Stewart ef a/."® arrived at the same con- 
clusions in calculating the sulfanilamide clearances in a number of 
patients 6 hours after the last therapeutic dose. These findings have 
also been confirmed by others.*° « 

Marshall and Litchfield’® repeated the clearance studies, using sulfa- 
pyridine, and obtained results similar to those with sulfanilamide (16% 
to 39% of the simultaneous creatinine clearance). It is generally agreed 
that sulfapyridine is excreted more slowly than sulfanilamide*’ 1% 
and its excretion is usually not complete even after 3 to 4 days. The 
conjugated sulfapyridine often persists in the blood for some time after 
the free form of this drug can no longer be detected.!:!'7."'5 

Sulfathiazole is excreted and the clearance of its 
acetyl derivative is usually greater than that of the free form. Sulfa- 
diazine is excreted more slowly than any of the other three drugs that 
have been considered.* 4°! When the renal function is normal, the 
conjugated sulfathiazole and sulfadiazine fractions are probably cleared 
more rapidly than the unconjugated ones, since the former often dis- 
appear from the blood before the latter. In this respect, sulfathiazole 
and sulfadiazine seem to differ from sulfanilamide and sulfapyridine. 

The higher clearance rates of the acetyl derivatives of sulfanilamide 
and sulfapyridine, as compared with their free forms, hardly seem com- 
patible with the observation that, the conjugated forms of the drugs are 
found in the blood for some time after the free drugs can no longer be 
detected. However, since the levels of the conjugated drugs upon 
which these computations of the clearance are based are usually quite 
small, they lend themselves to large errors. Furthermore, determina- 
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tions of drug clearances after oral administration™¢"®"> may not be 
ery reliable because of the variable and irregular absorption of the 
drugs from the gastro-intestinal tract. 

\ number of other drugs that have not come into common use have 
also been investigated. Alyea et al. found that disulfanilamide was 
absorbed and excreted by the normal kidney more slowly than sulfanila- 
mide, but the sodium salt of the former was excreted much like sulfan- 
ilamide. Sulfamethylthiazole is absorbed and excreted slowly.4¢:"'S 
Glucose-sulfapyridine is excreted much more rapidly than sodium sulfa- 


pyridine after parenteral administration, but after oral administration 


ts absorption and excretion are considerably delayed.**' Prontosil 
s excreted very rapidly, 85% to 95% of a single dose being recovered in 


100 


the urine within 5 hours. 

effect of Diuresis. There is some disagreement concerning the effect 
of diuresis on the excretion of sulfanilamide. Marshall”? found that 
diuresis increased the clearance rates of sulfanilamide in dogs and 
Stewart ef al."® confirmed this finding in man. Alyea ef al.,5 on the 
other hand, found that the total quantity of sulfanilamide excreted 
over a given period was constant regardless of the urinary output. 
They found high sulfanilamide levels in concentrated urines and low 
levels in dilute urine. The results with sulfanilyl-sulfanilamide were 
the same. Lucas and Mitchell® did not believe that diuresis increased 
the elimination of sulfanilamide, but their data are based on studies 
na single patient. 

Sulfapy ridine is apparently excreted at a more constant rate irrespec- 
tive of the volume of urinary flow This is probably true also of the 
other common compounds, except sulfanilamide. 

Kf ton Renal Function. The effect of high blood levels on renal 
function was studied by Marshall et a/.”.¢ in dogs. They found that 
large oral doses of sulfanilamide depressed the creatinine clearance for 
everal hours, and large intravenous doses (2 gm. per kilo) produced a 
marked decrease in the urine flow and in the creatinine clearance that 
lasted for 6 hours, but there was complete recovery in 24 hours. 
Molitor and Robinson,’ on the other hand, found no evidence of 
renal damage in rats fed large doses of sulfanilamide for 10 days. 
They studied the urinary output and the ability to concentrate urine. 

\lvea ef al.® correlated the ability to excrete sulfanilamide with the 
excretion of intravenously administered phenolsulphonphthalein. They 
gave patients 1 gm. of sulfanilamide daily for every 10% of intraven- 
ously injected phenolsulphonphthalein recovered from the urine in the 
first half hour. They found that they could thus maintain a constant 
level of 3 to 4 mg. per 100 ce. of the drug in the blood. In 1 patient 
they measured the sulfanilamide excretion of each kidney separately 
and found that a normal kidney was able to excrete 852 mg. of sulfanila- 
mide in 7 hours, while the other kidney excreted only 43 mg. in the same 
period. The difference in the phenolsulphonphthalein excretion of these 
kidneys was comparable with that of the sulfanilamide excretion. 

With sulfapyridine, Marshall and Litchfield’? found that the very 
high blood levels (38 to 45 mg. per 100 cc.) attained following intraven- 
ous injection of the sodium salt depressed the creatinine clearances 
lightly. They state that this drug appears to cause no more depres- 
ion of renal function than does sulfanilamide. 
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Reinhold et a/., in a study of 14 patients on continuous doses of 
sulfathiazole, found oliguria in 3, hyposthenuria in 6 and depression of 
the urea clearance in 6 patients to as much as 50% of the mean normal 
They observed that the change was transitory, since in the majority 
of patients there was a return to normal while they were still receiving 
sulfathiazole. These authors do not feel that the renal depression is 
ascribable to sulfathiazole per se. Climenko et al.” produced a marked 
depression of urea clearance and of phenolsulphonphthalein excretion 
with an elevation in blood non-protein nitrogen in some of their dogs 
on large doses of sulfathiazole (150 to 250 mg. per kilo of body weight 
These changes were temporary and normal renal function was reéstab- 
lished quickly when the drug was discontinued. Toomey" stressed 
the danger of urinary retention in expediting the precipitation of acety] 
sulfapyridine and the formation of uroliths. 

Solubility. Allport® studied the solubility of sulfanilamide in water 
in relation to temperature. He found this drug to be soluble to 1 part 
in 240 (0.42%) at 15° C. and to slightly more than 1% at body tem- 
perature. At higher temperatures the solubility increased markedly) 
Marshall et al.” give the solubility of the free drug as 1.48% at 37.5° C. 
and at pH 7.1, and the acetylated form as 0.534% under similar 
conditions. 

Sunderman and Pepper"! showed that sulfathiazole and its acety! 
derivative are more soluble in alkaline urine, at-pH 7.5 or higher, than 
in acid urine. The acetyl sulfathiazole is much less soluble than the 
free form. The increased solubility of the acetyl sulfathiazole in alka- 
line solution, however, does not seem to be of sufficient magnitude to 
be of clinical significance, although these authors advise alkalinization 
of the urine to prevent complication in the course of therapy. 

Marshall et a/. and Feinstone et a/.* have presented the solubilities 
of a number of common sulfonamides in water and in urine. Some of 
the important solubilities adapted from their combined data may be 
summarized in tabular form. 


PaABLE 1 SOLUBILITY OF SULFONAMIDE COMPOUNDS 


Solubility in mg 


per LOO 
len perat 
Drug In water In urine pil ( 

Sulfanilamide 1480 71 37.5 
Acety! sulfanilamide* 534 37.5 
Sulfaguanidine 220 218 37.5 
Acetyl sulfaguanidine 40) 37.8 
Sulfapyridine 54 57 37.5 
Acetyl sulfapyridine 16 19 37.8 
Acetyl sulfapyridine 23-3 6.9 37 
Acetyl sulfapyridine 30-34 6.3 37 0 
Sulfathiazole 96 
Acetyl! sulfathiazole 6 7.1 37.5 
Acetyl sulfathiazole 26-38 6.3 7.0 
Sulfadiazine 12 32 6.6 37 _0 
Acetyl sulfadiazine 15 S5-SS 6.9 370 
Acetyl sulfadiazine 115 6.3 37.0 


* The acetyl compounds are all Ny-acetyl derivatives. 


When the figures given for solubilities of free and acetylated sulfona- 
mide drugs, based on the experimental studies already mentioned, are 


PHERAPEUTICS 


compared with the much higher concentrations actually found in the 
urine of many patients under therapy,**°??™ it becomes obvious at 
once that other factors must come into play. A few observations have 
been made which serve to explain this discrepancy, at least in part. 
Curtis and Sorbin®* investigated the solubility of acetyl sulfapyridine 
in urine and found that it increases with increasing specific gravity of 


the urine.. They suggested that the solubility may vary with the urea 

content. Their preliminary studies with acetyl sulfathiazole indicated 

that the solubility of this drug is similar to that of sulfapyridine. 
Seudi ef al.’ isolated from urine a diazotizable derivative of sulfa- 


pyridine which was present in concentrations far above the known im 

tro solubilities of the free drug or of its acetyl form. They considered 
that this soluble compound might be a glucuronate of sulfapyridine??! 
and were able to demonstrate a markedly increased glucuronate excre- 
tion on a controlled diet in normal males, and in pneumonia patients 
following ingestion of sulfapyridine. 


Concentration of Sulfonamides in the Kidney. Animal experiments 
have indicated that sulfanilamide is distributed more or less evenly in 
the various tissues,’ while sulfapyridine, sulfathiazole and sulfadiazine 
are distributed somewhat unevenly. In patients treated with sulfa- 


pyridine Brown et al.'% found the concentration of the drug in the 
kidney to be much higher than in other organs. Other studies from our 
laboratory™ !'® have indicated that, in patients dying while under sulfon- 
amide therapy, the concentration of drug in the kidney of those who 
had received sulfanilamide is the same as in the blood and other organs. 
It was considerably higher in the kidney than in the blood and other 
organs in those who had been given sulfapyridine or sulfathiazole. A 
large proportion of the additional amounts were found to be in the con- 
jugated form. In most of the kidneys from fatal sulfadiazine treated 
patients the concentration of drug was the same as in the blood, thus 
resembling sulfanilamide, but in one isolated case a much higher level 
was found in the kidney. While the concentrations of various drugs 
in the kidney may be influenced by contamination with urine,'™ 
findings are nevertheless of interest in view of the greater tendency of 
renal complications to occur with sulfapyridine and sulfathiazole, as 
compared with sulfanilamide and sulfadiazine. 

Pathologic Changes in the Urinary Tract Resulting From Adminis- 
tration of Sulfonamide Drugs. Su/fanilamide. Direct renal damage 
resulting from sulfanilamide administration is quite rare and it is cer- 
tainly less frequent than with any of the other drugs with which we are 
concerned in actual therapy. Domagk,*° in his first report on prontosil 
in mice, noted that it produced no pathologic elements in the urine. 
Marshall ef al.” reported a similar absence of abnormal urinary findings 
in dogs receiving large deses of sulfanilamide (0.1 to 0.2 gm. per kilo 
daily) for several months. These animals had normal kidneys at 
autopsy. A very large single dose (2 gm. per kilo) produced minimal 
pathologic changes in the collecting and Henle’s loop tubules. Mice 
dying as a result of large doses of sulfanilamide and acetyl! sulfanilamide 
were found to have normal kidneys. 

Molitor and Robinson,” in studies on chronic toxicity of sulfanila- 
mide in rats, found considerable collections of granular brown pigment 
n the convoluted tubules and occasional brownish casts. Much, but 


these 
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not all, of this gave a reaction for iron and presumably resulted from 
changed blood. 

Antopol and Robinson'™ found urolith formation in 2 of 300 rats 
who had been given large daily doses of sulfanilamide. Hawking*’ 
found large numbers of crystals ‘‘which resembled those of sulfanila- 
mide” in the urine of rabbits after single large intraperitoneal doses. 
He found no renal lesions in these animals. Oakley,*® however, ob- 
served calculi of prontosil dye in the kidneys of mice following the 
administration of large single doses or of repeated small doses of this 
drug. These calculi gave rise to obstruction with dilatation of the 
straight and convoluted tubules. The death of many of these mice 
was attributed to renal failure resulting from this obstruction. Stewart 
et al." reported a unique experience in a patient in whom precipitation 
of acetyl sulfanilamide crystals occurred in an indwelling catheter dur- 
ing the collection of urine for clearance determination. 

Nelson’? administered di-sulfanilamide to rabbits and found degenera- 
tive changes in the kidneys, with dilatation of the tubules which con- 
tained some crystalline material that may have been precipitated drug. 
Similar changes were noted after sulfanilamide, but these were only 
slight or moderate in degree. Sulfanilamide crystals were observed in 
the collecting tubules, but these were fewer than with di-sulfanilamide. 
In hens, he could demonstrate only very slight renal change from toxic 
doses of sulfanilamide. 

From the course of events in some cases of acute hemolytic anemia 
resulting from sulfanilamide therapy, one might expect to see patho- 
logic changes in the kidney similar to those observed in fatal cases of 
blackwater fever or after hemolytic reactions that follow transfusions. 
Such findings have indeed been reported in one case,'™ in which plugs 
of precipitated hemoglobin were seen in the kidney tubules and death 
resulted from renal failure. We have also seen a case of delayed death 
from uremia following acute hemolytic anemia that occurred in the 
course of sulfanilamide therapy. Myers and Rom’ reported a case of 
acute hemolytic anemia with hemoglobinuria, uremia and anasarca 
after 460 gr. of sulfanilamide given over a period of 60 hours. Their 
patient made a complete recovery. Spring and Bernstein!” reported 
2 such cases, in each of which they mention the occurrence of renal 
damage, but they present little evidence to indicate that such damage 
occurred. Their patients had minor and transient elevation of blood 
urea nitrogen. Koletsky® noted no specific changes at autopsy in a 
case of hemolytic anemia resulting from sulfanilamide. In this case, 
he observed clumps of yellowish-brown material in the collecting tubules, 
but these did not give a reaction for iron. 

Changes in the kidney due to the direct action of sulfanilamide or its 
acetyl derivative must be extremely rare, if they occur at all. This is 
probably due to the relatively high solubility of these compounds in 
the urine of patients under treatment. 

Sulfapyridine. In marked contrast to sulfanilamide, which produces 
little or no change in the kidney, sulfapyridine produces the major 
share of its toxic effects in this organ. It is of interest that Wien,'™ 
the first to investigate the toxicology of sulfapyridine, found no renal 
damage, but he used small doses. Crystalluria was recognized early 
by Stokinger.'"’ Shortly thereafter, Gross ct al.“ and Antopol and 
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Robinson! ° recognized urinary obstruction from drug calculi in experi- 
mental animals. The former workers analyzed the crystalline material 
obtained from the urinary tract and found it to consist largely of the 
acetyl form of sulfapyridine. Almost simultaneously there appeared 
reports by Lawrence®™ and by Southworth and Cooke!” of 3 cases of 
hematuria associated with sulfapyridine therapy in man. In these cases 
there was renal colic and nitrogen retention. 

There have been numerous subsequent reports on renal change in both 
experimental animals and man, as well as numerous case reports of sulfa- 
ridine oliguria and 41 61 67 69 99,103,108 110-112 124,125 
The clinical picture has been described many times and is now gener- 
ally recognized. Hematuria is one of the chief symptoms and may or 
may not precede oliguria. Anuria may appear suddenly or after a 
short period of oliguria. It may appear early or late in the course of 
drug administration, or even after the drug has been stopped." If 
any urine is passed, it usually is grossly bloody and contains large 
amounts of crystalline material which can usually be shown to be 
mostly acetyl sulfapyridine.* Renal or ureteral pain is marked. Stop- 
ping the drug and forcing fluids may relieve the symptoms rapidly and 
completely, but ureteral catheterization and lavage are often necessary. 
Drug retention occurs and acetylation usually becomes marked under 
these conditions. The non-protein nitrogen may rise progressively 
unless the obstruction is relieved and the urine flow reéstablished. The 
condition may be unilateral, in which case there is no nitrogen or drug 
retention. The blood pressure is usually not elevated unless there is 
complete kidney shut-down. 

The pathologic changes in the urinary tract produced by sulfapyridine 
are mainly the result of the precipitation of acetyl sulfapyridine in the 
urinary tract. The lesions may be unilateral or bilateral. The earliest 
lesions consist of the aggregation of crystals with blood and amorphous 
material, anywhere along the urinary tract. These may give rise to 
obstruction of the urinary flow. The ureters and pelvis become dilated 
and thinned and the kidneys become enlarged and edematous. Hemor- 
rhagic ureteritis and pyelitis occur with periureteral inflammatory 
changes. ‘The renal pelvis is often filled with gross aggregates of crys- 
tals, amorphous material, fibrin and blood, and these may extend 
upward into the papillary ducts. The kidney tubules may show vary- 
ing degrees of dilatation and epithelial degeneration with intertubular 
collections of leukocytes. The glomeruli may also be affected and the 
glomerular spaces may be enlarged. The distended tubules are often 

isible grossly in the cut section of the kidney, and appear as striations 
radiating from the 166,119,128 ,128 138 

The high concentration of sulfapyridine in the kidney, as compared 
with blood and other organs, has already been noted. These levels may 
be particularly high in those who die as a result of renal failure. In 
such cases, the percentage of drug found in the kidney as the acetyl 
derivative is usually very high, particularly if the last dose was given 
some time before death occurred. 

Sulfapyridine may also produce primary parenchymal renal damage 
that is not a result of precipitated crystals or obstruction.'%° QOcca- 
sionally thrombi are found in the kidney veins, and obliterating lesions 
are seen in the lumens of veins that are not close to inflammatory zones.” 


A 
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Renal complications are generally considered to be more frequent 
under sulfapyridine therapy than with any other common sulfonamide. 
Gross et al.” collected from the literature reports of 128 cases of hema- 
turia resulting from sulfapyridine, with uroliths specifically mentioned 
in 7 cases. Renal complications are also frequent in infants and in 


98.106 110.130 134 


children.*! The incidence of hematuria varies from less 
than 1% to as high as 1% latter figure is from 
Antopol’s series of 40 sulfapyridine-treated pneumonia patients.” Crys- 
talluria is even more frequent, but, by itself, it is probably not signifi- 
cant. In most series, the incidence of urinary complications is between 
5% and 10%. There are a few observations which indicate that the 
renal damage resulting from therapeutic doses is usually not perma- 
nent.'® 9! 

MacLeod® noted that renal function may be depressed during sulfa- 
pyridine treatment without the appearance of hematuria. In 2 patients 
treated with this drug he observed a temporary depression of the urea 
clearance to critical levels associated with azotemia, although hema- 
turia was absent in either instance. He also found that acute hemor- 
rhagie Bright's disease developed in 2 other patients with pneumonia 
who received this drug Both of these patients recovered from the 
acute phase, one apparently completely, but in the other case only 
partial recovery took place during } months following the onset of the 
nephritis. 

Eldahl® reported a series of 55 patients treated with acetyl sulfapyri- 
dine in which only | case of hematuria was noted. The compound he 
used was probably the Nj -acetvl derivative, which is an active com- 
pound, and not the para-acetyl derivative, which is the form that ts 
excreted in the urine in patients treated with sulfapyridine and which 
is inactive. Brown ef a/.!® and Plummer and McLellAn® showed that 
the calculi formed by precipitation of the latter are not radio-opaque. 

Ravid and Chesner® reported a case of anuria that resulted from a 
hemoglobin precipitate in the renal tubules resulting from hemolytic 
anemia caused by sulfapyridine. Tragerman and Goto"™ reported a 
similar case. Since acute hemolytic anemia is much less frequent with 
sulfapyridine as compared with sulfanilamide, renal damage from this 
mechanism is correspondingly rare. 

Sulfathiazole. Renal change resulting from administration of this drug 
may be much the same as that produced by sulfapyridine.! %? 126.13! 
Rake ct al. showed this in rats, although sulfathiazole was less toxic 
for these animals than was sulfapyridine. They believe that both 
drugs produce primary damage to the glomeruli and tubules which is 
independent of the mechanical obstruction. Gross et found acetyl! 
sulfathiazole precipitated in the collecting tubules and occasionally in 
the convoluted tubules. Lehr et al.” reported finding a precipitate of 
free sulfathiazole in the kidneys of rats and mice after massive single 
doses of the drug. In animals that died quickly the drug was found 
in the renal tubules and papillary ducts, but in those that lived longer 
the precipitate was found successively in the ureters and in the bladder. 

Horack®” and Pepper and Horack*! described the kidneys of a patient 
who died after a period of anuria while on sulfathiazole treatment. 
They saw gritty deposits in the collecting tubules, and the pelvis of 
each kidney was hemorrhagic and thickened and filled with gritty 


I 
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material Loewenberg ef al. found calculi in the collecting tubules of 
the kidney, in the ureters and in the bladder of a patient who died 
during sulfathiazole treatment. 

Spink and Hansen! encountered nitrogen retention with oliguria 


once and gross hematuria once among 100 sulfathiazole-treated cases. 


Others have encountered these complications in about the same fre- 
quen P41.96.129,150 Carvin! however, noted hematuria in 14% of 
ulfathiazole-treated cases, as compared with 10% of those receiving 


ulfapyridine, but he gave as much as 10 gm. of sulfathiazole daily 
nan attempt to attain blood levels comparable with those found in 
patients receiving 5 gm. of sulfapyridine daily. He noted crystalluria 
n 61°, of patients treated with sulfathiazole and in 28% of those 
treated with sulfapyridine. The differences are understandable in the 


ght of the larger doses of the former, as well as its more rapid excretion 
nto the urine. Anuria and oliguria from sulfathiazole treatment have 
wen noted in a number of reports,'' hut ureteral catheteriza- 
tion and lavage have not been used in these cases. 

Sulfadiazine has only been in use for a short time and it is probably 
too soon to evaluate the renal complications of therapy with this drug. 
Feinstone ef a found almost no tissue damage from this drug in both 

nke ind rabbits. In a summary of the renal complications in 
S72 cases collected from the early clinical reports,” hematuria®® was 
found in | %, anuria in one case, crystalluria in 11.7% and nitrogen reten- 
tion in 1%. We have observed one case of anuria treated successfully 


ureteral catheterization and another in which the procedure was 
ipplied late and proved ineffective. Dowling ct a/.” have recently 
reported slight nitrogen retention (levels of blood urea nitrogen remain- 


ng below 50 mg. per 100 cc. in 2 of 137 cases treated with this drug. 


They found crystalluria less often than with the sulfapyridine or 
ulfathiazole 
Sul le Crystalluria. Several authors have described the crys- 


tals found in the urine of patients who are under treatment with various 
ulfonamide drugs. Stewart et a/.''® identified the crystals in their cases 
is acet! | sulfanilamide but did not describe them. Antopol® described 


arrow-head” crystals in the urine of a sulfapyridine-treated patient. 
Plummer and McLellan noted similar forms.” Backhouse’ described 
the crystals of acetyl sulfapyridine and identified them. Sadusk pre- 
ented illustrations of crystals from the urine in patients treated with 
ulfapyridine and with sulfathiazole." The latter have also been 
llustrated by Sunderman and Pepper," who identified them as acetyl 
ulfathiazole 

Prien®® suggested the use of polarized light to identify the various 


ulfonamide erystals found in the urine. He and Frondel®® described 
the crystalline forms of the free and acetylated varieties of sulfanilamide, 
ulfapyridine and sulfathiazole. Their excellent and accurate descrip- 
tion and photographs of the crystals as seen by the ordinary microscope 
hould be a great aid in their identification.” 

Whether renal complications result more frequently in an acid urine 


than in an alkaline urine has been a subject of more speculation than 
ibjective study. Schwartz et found that sulfathiazole crystal- 
luria was less frequent if patients received equal doses of sodium bicarbo- 


1ate with their drug. There is no agreement as to whether renal com- 


766 PROGRESS OF MEDICAL SCIENCE 


plications are more common in an acid urine. Wilson and Billingsley™ 
and Sadusk et al.’ have obtained alkaline urine by cystoscopy from 
the renal pelvis of patients who were suffering from sulfapyridine uro- 
lithiasis. The greater solubility of the acetyl derivative in alkaline 
solutions has already been mentioned. It is probably beyond the 
capacity of the human kidney to excrete urine which is sufficiently 
alkaline to increase significantly the solubility of the acetyl compounds. 

Exveretion of Sulfonamides in Patients With Reduced Renal Function. 
Lucas and Mitchell® noted that in the presence of impaired renal func- 
tion, the blood concentration of sulfanilamide rises rapidly and, when 
the renal dysfunction is marked, very high levels can result from small 
6 noted that an anuric patient maintained a constant 
blood level for 1 week after a single dose of sulfanilamide. We have 
observed a patient who maintained a high sulfapyridine level in the 
blood for a whole month after his last dose of drug. In this patient 


doses. Long 


there was a rising level of blood non-protein nitrogen, increasing edema 
and rising blood pressure. The percentage of circulating sulfapyridine 
which was in the conjugated form increased progressively so that after 
3 days, about two-thirds of the drug was found in the blood in that 
form. Allen® reported a case with marked sulfanilamide retention and 
excessive acetylation accompanying nitrogen retention. Strauss ef al."'* 
found that patients who had elevated blood non-protein nitrogen values 
before death had, at autopsy, high concentrations of drug in the cardiac 
blood with large proportions of it in conjugated form. Reinhold et al.¥ 
state that the clearance of both sulfathiazole and acetyl sulfathiazole 
is reduced in the presence of impaired renal function. Sulfadiazine is 
probably tolerated by the damaged kidney better than either sulfa- 
pyridine or sulfathiazole. Long noted that in the face of grave 
kidney damage, the free and conjugated fractions of sulfadiazine seem 
to be more readily excreted by the damaged kidney than is usually the 
case with sulfapyridine or sulfathiazole, and this corresponds with our 
experience.** 

Use of Sulfonamides in the Treatment of Urinary Tract Infections. 
Prontosil. Soon after the discovery of prontosil by Domagk, its value 
as a urinary antiseptic was appreciated. Huber™ used it with excellent 
results in the treatment of colon bacillus pyuria in 14 children and 
ascribed its first use in this condition to Temming, but noted that the 
latter failed to study the bacteriology of his cases. 

The use of sulfanilamide was soon taken up in England by Kenny et 
al. and in this country by Helmholz.* It was found to be extremely 
valuable in the treatment of pyelitis of pregnancy’ '’** and rendered 
largely unnecessary the former practices of acidification and alkaliniza- 
tion, ureteral drainage and the occasional resort to therapeutic abortion. 

Many authors have reported successes in the treatment of acute colon 
bacillus infections of the urinary tract. 715-17 34,42 48a 50,88 ,93 94,109,120 ,127 128 
It soon became apparent, however, that although the colon bacillus was 
eradicated, some other organisms remained unaffected. Staphylococcus, 
however, was generally found to be susceptible.*% Barer'® 
reported a cure of typhoid bacilluria with sulfanilamide 

Strep. fecalis is generally regarded” 49.5.7 as resistant to sulfanila- 
mide. Bliss and Long'* found that beta hemolytic streptococci belong- 
ing to Group D were resistant in several patients. They also tested a 
number of strains in vitro and found them all resistant to this drug. 
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Proteus bacillus infections appear to be quite resistant to sulfanila- 


109 


mide*4 4% and so are those due to 4irobacter xrogenes. Pseudomonas 
nfections are completely resistant to sulfanilamide.“” 

Austen™ used sulfanilamide-maltoside, a very soluble conjugate, in 
he treatment of urinary tract infections by pelvic lavage. He achieved 
vacteriologic cure in | of 10 cases and recommended this treatment for 


t 
selected cases 

\lbright ef a/.4 used sulfanilamide in the treatment of 2 patients with 
Hemophilus influenze pyelonephritis complicated by diffuse nephro- 
calcinosis and a persistently alkaline urine. The urines in both of these 
patients were eventually sterilized and became acid, thus removing 
what they believed to be an important factor in the etiology of the cal- 
clum deposition. 

Sulfa dine has not been used extensively in urinary tract infections. 
Melton® found that it was ineffective against Strep. fecalis and gave a 

ariable response in proteus infections. In colon bacillus and staphylo- 
coccal infections it was about as effective as sulfanilamide. 

Sulfathiazole has already been used quite extensively in urinary tract 
infection Helmholz*” emphasized its effectiveness against the staph- 
lococcus and found it superior to sulfanilamide against Strep. fecalis 
Rammelkamp and 
Stoneburner™ found sulfathiazole to be highly effective in acute uncom- 
plicated cases of colon and Proteus bacillus infections and obtained 
marked improvement in other cases. Pool and Cook™ cured 3 of 7 cases 
of Strep. fecalis infections with sulfathiazole and sulfamethylthiazole. 
Culp*’ found sulfathiazole effective against Staph. aureus and albus, 


but ineffective against Pseudomonas xruginosa.4 


B. proteus, E. coli, Arobacter xrogenes, C. xerosis (which he includes as 
a pathoge n) and alpha streptococcus (mitis), but Strep. fecalis proved 
resistant 

Rammelkamp and Stoneburner® found that sulfathiazole in a con- 
centration of 10 mg. per 100 ce. in urine was more bacteriostatic than 
ulfanilamide, sulfapyridine or sulfamethylthiazole against staphylo- 
coccus and against colon, proteus and wrobacter organisms. 

Sulfadiazine has not been used long enough to determine its exact 
place in the treatment of urinary tract infections. Feinstone et al.® 
found this organism highly effective in vitro and in experimental animals 
against Staph aureus and Type B Friedlander bacillus. Long™ « also 
found it effective in mice against these organisms and against EF. coli. 
Klinefelter®® found it more effective than sulfathiazole against EF. coll, 
both im vitro and in experimental infections in mice. Finland et al.** 
found it as effective as any other common sulfonamide drug in urinary 
tract infections. It was found to be particularly effective in acute 
colon bacillus infections 

In Vitro Studies. Several workers studied the effect of urinary pH on 
the tro action of the sulfonamides.*® 495°. 109.28) general, 
they found them to be more bacteriostatic at higher pH levels for a 
variety of organisms. This is particularly marked in the case of the 
action of sulfathiazole on staphylococci. Melton” found sulfanilamide 
and sulfapyridine to be equally effective against E. coli at pH 6.7 and 
at pH 7.5. Kenny et al.™ also found sulfanilamide to be effective 
against these organisms in a wide pH range. 


Vest et al.,"" working with staphylococcus, FE. coli, B. proteus and 
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Erobacter, in vitro, showed that the bactericidal and bacteriostatic 
effect of sulfanilamide in urine is closely related to the inoculum. A 
small number of organisms was often killed by low concentrations, 
while large numbers grew rapidly in high concentrations of the drug. 
More recently, Hilf? showed that urine from patients receiving sulfa- 
thiazole by mouth has a greater bacteriostatic action than when this 


drug was added to urine in the same amounts in vitro. This would 
indicate that the drug may be changed and potentiated during its excre- 
tion into the urine Helmholz and Osterberg*® also noticed the greater 
bactericidal power of the urine of sulfanilamide-treated patients as 
compared with the in ritro action of this drug. They found that acety| 
sulfanilamide in concentrations up to 200 mg. per LOO ce. had no bac- 
teriostatic effects against any of the common urinary pathogens at all 
pH levels tested. 

Mellon and Shinn showed that sulfanilamide has greater bacterio- 
static power in urine than in broth and that urine lost its “potentiat- 
effect for coli when contaminated with broth. Spink!’ showed 
that staphylococci are readily killed by sulfanilamide in urine, but are 
only slightly affected in broth. He recognized that even urine is not 
an optimum medium and noted that small quantities of broth destroyed 
the bactericidal power of the drug in urine. He also found that the 
bactericidal power of sulfanilamide in urine is greatly increased by 
raising the temperature. Several workers have attempted to correlate 
clinical with in vitro results. Vest ct al. found a good correlation 
between clinical cures and the in vitro effects of the drugs used on the 
patients’ organisms. Others found no close correlation.“ 

Chronic and Complicated Cases. Ballenger ef al." pointed out that 
foci or “dead spaces”’ in the urinary tract may contribute to many of 
the failures of sulfonamide therapy. Most authors are agreed that 
cures are difficult to attain in cases of chronic urinary tract infec- 
tions and in those in which there are important complicating factors 
Mitchell et al. cured 85% of their uncomplicated urinary tract infec- 
tions, and only 30% of those that were complicated by strictures, stones, 


tumors or other lesions. Others have had similar experiences.’ 27°." 
Relapses of infection in the urinary tract are not uncommon following 
sulfonamide therapy. Kenny et al/.* noted an instance in which colon 


bacillus infection relapsed during the puerperium. Alvea and Roberts’ 
noted at least 7 relapses in over 200 patients. We have found that, in 
general, cases of chronic urinary tract infection may have temporary 
clearing of the bacilluria and of the abnormal urinary findings, but these 
frequently recur. In acute infections, relapses have been noted, in 
cases associated with apparently susceptible organisms, when the dose 
has been inadequate or the treatment discontinued too soon. Such 
cases usually respond when treatment is resumed with adequate doses 
for a long enough period. 

Treatment of Acute Glomerular Nephritis. Williams et al." used 
sulfanilamide in the treatment of about 50 patients with acute glomeru- 
lar nephritis and followed their cases over a period of 2 to 3 years. 
They felt that the course of the acute disease was shortened. Eventu- 
ally they had more cures in their treated patients than in a large number 
of control patients from whom sulfanilamide was withheld. 

Dosage. The doses of the sulfonamides used to treat urinary infec- 
tions have been lower, in general, than those used to treat other infec- 
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tion \lvea and Roberts’ found that doses of from 1.8 to 3 gm. daily 
were as effective as larger doses. Barr!’ advises doses of 1.8 to 2.4 yin. 
of sulfanilamide daily. Mitchell ef al.” started with very small doses 
which they increased daily until they obtained bacteriostatic levels of 
the drug in the urine, and then maintained these doses. Their maximum 
dose was usually about 4gm. Both these groups of workers reported fewer 
reactions with the smaller doses. _Helmholz*” emphasized the fact that 
ery small doses of sulfathiazole are sufficient to inhibit the growth of 
taphyvlococci. Culp*? used doses of 1.9 to 8.7 gm. daily, but in most of 
cases he used 4 gm daily (in divided doses), 
Rammelkamp and Stoneburner® concluded from their in vitro and 
tudies with sulfathiazole that concentrations of from 50 to 
200 mg. per 100 ce. are usually sufficient to sterilize the urine and that 
ich levels can be maintained by giving 2 to 4 gm. daily in divided doses. 
In cases of severe infections, especially those associated with obstruc- 
on, concentrations between 200 and 450 mg. per 100 cc. may be 
needed, and these require an intake of from 4 to 6 gm. daily. Gessler 
ind Lippens® found 2 to 3 gm. of sulfanilamide daily sufficient to cure 


colon bacillus infections. The early successes of Kenny cf al.‘® are 


nteresting in that they used 0.5 or 0.6 gm. of sulfanilamide three times 
i day in their cases. Bandstrup" used similar doses in his cases with 
good result Carroll ef al! usually gave doses of 4 gm. daily, but they 
dl | vin. a day when it seemed indicated 
The effect of the volume of fluid intake upon the efficiency 
ulfonamide therapy is a subject on which many have expressed 
ypinions but few have presented convincing data to support them. 
Che admonition to restrict fluid intake during sulfanilamide administra- 
tion has been widely enunciated and practised. The studies of Alvea 
have shown that the size of the dose of sulfanilamide and the 
olume of the fluid intake made little or no difference in their clinical 


result With sulfapyridine and sulfathiazole, the necessity of main- 

taining a large urinary output in order to prevent urinary complications 
precludes the restriction of fluids. 

( tions of drug therapy in urinary tract infections are the same 

the treatment of other infections. As already mentioned, they 

may be less frequent if smaller doses are used. Carroll ct a/*' found 


omplications requiring the cessation of drug therapy in 15% of sulfa- 
thiazole-treated patients. Culp*? observed a large number of compli- 
cations in sulfathiazole-treated patients and stated that most of them 


occurred in the presence of high blood levels. The almost complete 


ihsence of complications in the cases reported by Gessler and Lippens* 
ind by Kenny et al.“ are interesting since they used very small doses 
f sulfanilamide. In patients with good kidney function, there seems 
to be no positive evidence that renal complications of sulfonamide 
therapy are more frequent in the treatment of urinary tract infections 
than in the treatment of other infections, such as pneumonia. 
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PULMONARY TUBERCULOSIS. 


ROENTGENOLOGISTS, as a result of experience, have well-formed 
concepts of the roentgenologic appearance of pulmonary tuberculosis 
in its varying types and combinations of types. These concepts include 
characteristics of the shadows and typical locations of the lesions, and 
are so accurate that the wise pathologist at necropsy will use all the 
resources at his command before he disputes the diagnosis of the 
roentgenologist. With this introduction, Birkelo, a roentgenologist, 
and Brosius,? a pathologist, presented a series of cases, in each of which 
a diagnosis of pulmonary tuberculosis had been made from the roent- 
genographic image and correlation of the data of the clinical history and 
physical examination. In all of these cases, the major illness subse- 
quently was proved to be non-tuberculous. The cardinal symptoms 


of pulmonary tuberculosis, cough, hemoptysis, thoracic pain, loss of 


weight, night sweats, and fever were present in varying combinations 
and in varying degrees in all of the cases. 

These cardinal symptoms, Birkelo and Brosius* asserted, are common 
to so many pulmonary diseases that they are not, in themselves, diag- 
nostic. They pointed out that cough, when productive of foul sputum, 
indicates pulmonary abscess of bronchiectasis, but can be a feature 
of tuberculosis in which there is excavation and secondary infection 
Hemoptysis, although it frequently occurs in tuberculosis, also can 
occur from pulmonary congestion resulting from cardiac lesions or 
from ulcerating lesions of the bronchial tree, the latter including cancer 
and bronchiectasis. In their experience, thoracic pain is usually less 
prominent in tuberculosis than in cancer and pneumonia. Although 
loss of weight is nearly always present in cancer and usually is a feature . 
of tuberculosis, it does occur in other debilitating and chronic pulmo- 
nary diseases. Even the history of exposure to tuberculosis, or the 
eliciting of roentgenographic evidence of previous tuberculous infection, 
they found, can be either misleading or helpful and has to be evaluated 
with extreme caution. Night sweats and fever, in their experience, 
are the least diagnostic of the so-called cardinal symptoms. They 
regarded sudden onset of a tuberculous infection as much more common 
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than was realized before Roentgen rays were available. They also 
learned that non-tuberculous pneumonic consolidations can persist 
long after the subsidence of acute symptoms. 

Included in the list of pulmonary diseases which simulated tubercu- 
losis sufficiently to have resulted in diagnostic errors were broncho- 
pneumonia, pulmonary abscess, bronchiectasis, pulmonary cystic dis- 
ease, primary cancer of the lungs, metastatic cancer, silicosis, pulmo- 
nary moniliasis, actinomycosis, blastomycosis and syphilis of the lung. 
Cardiac disease and chronic valvular heart diseases, they found, pro- 
duce infiltrates or pulmonary fibrosis which simulate closely those 
characteristic of some types of pulmonary tuberculosis. The significant 


roentgenographic image in each case that had suggested the erroneous 
diagnosis was described and discussed from the standpoint of differential 
diagnos The information gained by this dual effort of a roentgenolo- 


t and a pathologist, as it was expressed by them, might well be 

vecepted by all interested in the subject of pulmonary tuberculosis as 
a creed ‘Our mistakes, appreciated and corrected, teach us more 
han our successes, and each difficult case, finally solved, leads to a 
better understanding of other diagnostic problems The more we can 
hare our experiences, the better will be our mutual understanding, the 
more tolerant we become of the mistakes of others, and the more 
efficient we become as individuals.” 

Swean in a presentation of his work on the primary tubercle 
ared that the best means of obtaining information with regard to 
the progressive ageing of primary tubercles that would be useful for 
the | ng seems to rest in the field of roentgenology He felt that to 
know better the significance of roentgenologic shadows and to. facili- 
tate understanding of them, it is expedient first to interpret them in 
terms of pathology through the medium of the postmortem roentgeno- 
gram and postmortem examination. This knowledge, he asserted, 


could then be used in order to understand better the shadows cast on 
antemortem roentgenograms and to translate the findings into terms 
of morbid anatomy, the foundation of all medicine. With the aid of 
Ss excellent roentgenograms, this author comprehensively covered the 
arious manifestations of pulmonary tuberculosis in childhood. The 
types of lesion were arranged as much as possible with respect to their 
evolution, as revealed on roentgenograms, controlled by previous 
pathologi observations. 

The lesions in Sweany’s first group included small foci communicat- 
ng with the bronchi, which were frequently not visible on the roent- 
genogram until the disease was well advanced, and also those in which 
massive involvement had occurred which presented the roentgeno- 
graphic picture of ulcerative phthisis throughout. The second group 
consisted of an ephemeral type of lesion that usually left no calcified 

ssue at all, at least none that could be observed on the antemortem 
roentgenogram. In some of these cases only the lymph nodes were 
nvolved; ina few small calcified foci were exhibited for 10 or more years. 
Chis type, in Sweany’s opinion, probably accounted for a large percen- 
tage of ‘tuberculin-positive, roentgen-ray-negative”’ cases, especially 
after deduction of about 15% for cases of extrapulmonary infection. 
Lesions of the third group were the most common; the lesions of this 
group left only one calcified focus in the parenchyma. Sweany quoted 
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Ghon as having asserted that about 85% of cases were of this type. 
In Sweany’s experience these lesions resulted from a single area of 
infiltration that had definite central caseation; this was first apparent 
in the roentgenogram as a cloudy infiltrate, with poorly defined borders, 
which gradually cleared from the nebulous mass to a more discrete 
shadow with a sharper border. The decrease in size of the primary 
lesion he found to be rather rapid during the first year; later the 
decrease in the diameter was approximately 10% per annum for several 
years. The contraction apparently resulted from the laying down of 
new fibrous tissue each vear during the first 6 to 8 vears. Further dis- 
integration continued from within by a process of resorption. 

The first evidence of primary tuberculous lesions in childhood is 
distinguishable from pneumonia by correlation of the roentgenographic 
features with the clinical data. Onset of the primary tuberculous 
lesion is insidious or attended with little more than an ephemeral initial 
fever which is frequently considered as “ grippe.’’ This fever rarely 
lasts more than a week or 10 days and may last for only a few days. 
In the majority of cases tuberculosis is asymptomatic within 2 weeks 
after its appearance of the allergic phase. When marked symptoms do 
appear, the possibility of beginning ulceration or mixed infection must 
not be overlooked. The changes in the degree of contraction and the 
over-all density of the various lesions observed were consistent and 
indicated clearly that the age of these could be estimated roughly by 
observing roentgenographic densities on serial roentgenograms made 
over a period of 6 to 8 years after infection. 

In a fourth group of cases the author placed those in which large 
infiltrates had been resorbed and had left behind various “ shrapnel- 
like” areas of calcification. He found that a large focus may clear 
and leave a large number of calcified foci that produce a roentgeno- 
graphic image similar to that of the calcification in a healing re-infection 
type of lesion. Generally, a whole lobe was involved in the infiltrative 
process; occasionally infiltrates had cleared around the border and left 
circumscribed, poorly calcified masses. In some cases the circumscribed 
masses had broken up into smaller foci as a result of the penetration 
of the central mass by capillaries and subsequent proliferation of reticu- 


lum and fibrous tissue. The basic reticulum in these masses apparently 
persisted for long intervals after encapsulation and was revived by the 
inroad of new capillaries. 


A fifth group was comprised of cases in which ulceration or over- 
owing of the lesion led to an exacerbation of the disease. The impres- 
sion gained was that a single focus may ulcerate after calcification and 
present the paradoxical roentgenographic image of a focus that had the 
appearance of healing, yet was in reality an open lesion communicating 
with a bronchus. <A small primary focus could ulcerate to set up dis- 
ease. Sweany averred that if only 1 lesion out of a 100 should ulcerate 
in this manner much of the adult type of pulmonary tuberculosis could 
be explained. In his experience when these lesions do ulcerate, most 
of them open up early and remain open for a few weeks to many years 
before causing clinically significant disease. It was conceivable, he 
thought, that some lesions might not ulcerate until years after calcifica- 
tion. At other times the infiltration might become resolved into calci- 
fied foci numbering into the hundreds and involving an area ranging 
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in extent from a part of a lobe to a whole lung. Such lesions frequently 
presented the “shrapnel-like” roentgenographic image heretofore men- 
tioned. Many of these lesions healed completely, but occasionally 
dormant foci became active years afterward and caused cavity for- 
mation 

When the defensive action of the lung was impaired, as in silicosis, 
and on rare occasions in uncomplicated tuberculosis, this overflowing 
progressive or flowing type of lesion and its characteristic roentgeno- 
graphic image might be encountered. Sometimes only one or two such 


lesions appeared to progress, while the others healed. Sweany con- 
idered that an important factor might be focal accumulations of bacilli. 


While some lesions spread rapidly, others seemed to progress slowly ; 
ome spread in the parenchyma while others progressed in the lymph 
nodes ome were observed to spread at different rates of speed In 
different parts of the same lung. The evidence seemed to be sufficient, 
n his opinion, to warrant caution in the use of the term “ healed Ghon 
rocu to describe any of these lesions. 


The clinical significance of the primary tubercle was summed up by 
Sweany as follows: The majority of lesions do not spread at all; that is, 
they heal. A relatively small number progresses, but because so many 
of these come to the attention of physicians, they seem to be relativel) 
more numerous than they actually are. A common type is the one in 
which several foci progress simultaneous sly, as in silicosis and in non- 
mmune races of people. Occas ionally only one tubercle of the primary 
complex progresses and becomes obliterated; the remainder of the 
tubercles are left as healed “ Ghon foci’’ and there is no evidence of the 

ause of spread of the disease. The reason for these progressive lesions 

till one of the unsolved problems of tuberculosis. Such tubercles 
might appear to be recent fibrocaseous formations, vet they may have 
been enlarging over a period of vears, it was possib le to observe this 
n a study of serial roentgenograms. The capsule was apparently 
inadequate to hold the organisms within the center of the focus. The 
reason for the breakdown of the defense mechanism varied; this might 
be due to partial exhaustion of the defense mechanism which allowed 
ontinual escape of the organisms through the thin-walled capsule. 
It might be due to an increase in virulence of : t particular colony of 
bacilli. A factor in the creation of the roentge nographic image of some 
of the lesions might be the spread of toxins causing a stimulation of new 
fibrous tissue outside the capsule; as the spread continues into neigh- 
boring alveoli and bronchioles, these structures become obliterated and 
enmeshed in fibrosis. A few organisms might follow down the bronchi- 
oles or lymph tracts; some might get into the capillaries and travel to 
‘ther parts of the lung or of the body. Because of the comparatively 
mall number of these organisms, most of them are destroyed. Not 
until the tubercle encroaches on a larger bronchus or blood-vessel 
there real danger of sufficient spread to cause clinically significant 
aisease 

Sweany placed in a sixth group lesions which he considered were 
concerned with the hematogenous spread of bacilli through the lym- 
phaties or blood stream after primary infection. The roentgenographic 
picture in this group was that of miliary calcification widely distributed 

throughout both pulmonary fields. He noted in cases in which he 
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considered tuberculosis to be the causative factor a considerable accentu- 
ation of the shadow of the hilar lymph nodes bilaterally. 

Mayoral,’ in a discussion of this type of lesion, was convinced by 
Savers and Meriwether’s evidence that these lesions were of mycotic 
origin; thes stated that As pe rgillus nig r was the etiologic factor. 
Mavoral credited Virchow with calling attention to similar calcium 
deposits in the lung as early as 1855. Virchow had noted these in the 
lungs of patients suffering from extreme caries or some other destructive 
condition of bone and named these deposits “calcium metastases.” 
Mayoral felt that the clinical conception of miliary tuberculosis as a 
rapidly fatal disease was not sustainable in the face of roentgenographic 
evidence of miliary “seeding” in cases in which the patients had appar- 
ently outlived an infection of miliary type. In addition, other patients 
were encountered who, from all appearances, were in perfect health 
and yet the roentgenograms revealed shotlike intrapulmonary areas of 
calcification not unlike those of the miliary type of tuberculosis in 
distribution. Mayoral mentioned personal observations of mine con- 
cerning this lesion reported in 1925. When the individual calcified 
areas are thoroughly discrete, | am inclined to the belief that these are 
phleboliths or have some. other etiologic factor than tuberculosis. 
Calcifications resulting from tuberculosis are, in my experience, invari- 
ably irregular or ragged in their outline. They appear in the roent- 
genograms as small areas of ossification in tissues that have undergone 
changes akin to those produced by ulceration from other causes. 
Mayoral stated that no satisfactory criterion has been offered for dif- 
ferential diagnosis. Experience has been that lesions of this type are 
generally clinically insignificant and, because of this, have rarely become 
the subject of postmortem examination. 

In his study of tuberculous lesions confined to the lymph nodes, 
Sweany concluded that the capsule of the lymph node offered a barrier 
that was comparable to the pleural layer around the parenchyma of the 
lungs. He averred that there is a constant diffusion of toxins through 
the capsule into the surrounding tissues. He considered this phenome- 
non responsible for many pathologic changes in the perivascular tissues 
around the bronchi which produce many clinical effects. This fact, in 
his opinion, was not sufficiently well appreciated by those interested 
largely in tuberculosis. The lvmph nodes of children, he found, were 
more prone to be involved than those of adults. The lesions occurred 
in a single focus or several foci. Caseation sometimes involved the 
whole node, which underwent hyperplasia. The majority of these 
lesions did not result in changes which made them demonstrable on the . 
antemortem roentgenogram. In some cases varying degrees of thick- 
ening of the hilar shadow were apparent in the roentgenogram. He 
found that lesions of the lymph nodes showed resorption, especially 
those in which simple inflammation or early calcification occurred, but 
those in which definite calcification was present seemed to resist resorp- 
tion to a greater degree than lesions in the parenchyma of the lungs. 
Just as was observed in the parenchymal lesions, the majority of lesions 
of the lymph node healed. Certain ones remained open, however, to 
overflow and cause a spread of the disease by blood, by lymph or by 
bronchial routes. By this spread the lesion within the lymph node, 
in some cases, assumed an almost malignant character. He noted 
excavation of the lymph nodes, into the bronchus most commonly but 
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ecasionally into the mediastinum, the esophagus or the trachea in 
one particular group of cases. In another group he regarded the changes 
demonstrable in the roentgenogram attributable to swelling of lymph 


node and also to the perifocal toxic effect of the tubercle bacilli. 
Stagnation of blood and lvmph occurred which resulted in effusions in 
the tissues or in the pleural cavity; this, he thought, was suggestive of 


an interference with normal function. Evidence of catarrhal bronchitis 
was noted; an increased flow of mucus resulted which together with the 
external pressure of the lymph nodes, lead to atelectasis. Late effects, 


attributable to contraction of fibrous tissue and leading to constriction, 
could, Sweans thought, have a part in the creation of the characteristic 
roentgene graphic image 

Sweany offered a most significant explanation for the more or less 
widespread ignorance of the roentgenographic images of the primary 


tubercle, and the fundamental importance of a knowledge of these to 
a clear understanding of pulmonary tuberculosis. He stated that prac- 
t ignificant lesions are apparent in roentgenograms when they 


are in the infiltrative stage, but relatively few roentgenograms are made 
f primary lesions in this stage, because in the majority of cases the infil- 
rates occur without producing symptoms. These infiltrative lesions 
are demonstrable roentgenographically for only 6 months to a year, 
ifter which they shrink into “Ghon foci,” frequently become non- 


dademonst! or gradually disintegrate and disappear. He considered 
the statement, that much less than a third of significant primary 


tuberculous lesions were demonstrable on routine roentgenograms taken 
n the anteroposterior position, to be conservative. Improvement in 
roentgenographic technique, especially by varying the quantity of 
Roentge! ravs and tuking more serial roentgenograms, he thought, 
vould gre itly enlarge the scope of observation. 

The work of Fellows and Ordway, Reid and Hetherington, and 
Flahitf demonstrated that roentgenoscopic examination of the thorax 
vas far superior to physical examination in finding tuberculous lesions. 
Reviewing the reports of these observers, Stiehm’ quoted Fellows and 
Ordway as having found that 87% of the lesions discovered by roent- 


venographic examination were visible in roentgenoscopic examination. 
In the experience of Stiehm, neither method revealed all the existing 


lesions or abnormalities. In the course of 5 years, during which he 
employed roentgenoscopic examination as a daily routine and compared 


the results with those attained from single roentgenograms or roent- 
genograms made in stereoscopic sets, he became convinced that certain 
esions involving the lungs, particularly those in the extreme apexes 
ind supraclavicular areas, did not show at all or at least not to the same 
advantage in the roentgenogram as they did on roentgenoscopic observa- 
tion. ‘To compare the results of roentgenoscopy with those of roent- 
genography better, Stiehm used both methods to examine 423 consecu- 
tive patients. A single roentgenogram was made in the _ postero- 
anterior position and the results of the dual examinations were charted. 
The charting revealed negative roentgenographic and roentgenoscopic 
reports in 293 cases. Comparison showed no error made by either 
method. On roentgenographic examination, 385 (91%) of existing 
lesions were detected and 38 (9°%) were missed. In roentgenoscopic 
examination, 405 (96°7) of existing lesions were reported and 18 (4%) 
were missed. Convinced by these experiences, Stiehm devised a method 


it! 
| 
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of making spot roentgenograms to afford a permanent, and at the same 
time, a more explicit record of the image seen on the fluoroscopic screen. 


In a series of 37 illustrations made from spot roentgenograms he clearly 
demonstrated small infiltrates that were easily capable of being obscured 
and missed in the roentgenogram. Stiehm expressed the opinion that the 
skepticism existing regarding the efficacy of roentgenoscopy in the visual- 
ization of small parenchymal lesions was unwarranted. Roentgenoscopic 
examination, made by a trained and experienced observer, he considered, 
was more efficient in finding minimal lesions, particularly those involv- 
ing the parenchyma, than roentgenographic examination, with the use 
of a single roentgenogram or roentgenograms made in stereoscopic sets. 

In 87% of the cases, pulmonary tuberculosis is not discovered until 
it has passed beyond the minimal stage. Such statements as this, 
published by Badger and Ritvo! in the discussion of the value of the 
tuberculin test and the roentgenogram in eliciting evidence of early 
tuberculous lesions, have greatly stimulated thought and effort in the 
search for methods of making the diagnosis of pulmonary tuberculosis 
in the earliest possible stage. They compared the data from a survey 
commenced in 1932, for which all nurses admitted to training were 
given a tuberculin test, roentgenographic examination of the thorax 
and a complete physical examination with the data of Heimbeck, who 
thought that a positive reaction to tuberculin before admission was indi- 
cative of conferred immunity. Badger and Ritvo felt that no sweeping 
conclusions were justified concerning the vulnerability of those who had 
initially: negative reactions to tuberculin as compared with those who 
initially had positive reactions. The tuberculin test, they averred, 
should be used as a means of detecting the presence of tuberculous 
infection. A negative result from a tuberculin test on strong healthy 
young persons indicated the absence of tuberculous infection. But 
the result of the tuberculin test could not be considered negative unless 
the individual had failed to respond to 1 mg. of old tuberculin or its 
equivalent. A positive tuberculin reaction proved the presence of 
infection somewhere in the body; it did not afford any information 
concerning the anatomic site or extent of the lesion or of its degree of 
activity or non-activity in any given case. An initially negative reac- 
tion that later becomes positive indicated the appearance of a so-called 
primary or first infection form of tuberculosis. In the experience of 
these authors, all of those nurses who had negative reactions to tuber- 
culin at the beginning of training later had positive reactions, but a 
tuberculous infection with changes that made the lesion roentgeno- 
graphically demonstrable developed in only a few instances. It was 
concluded that the primary infection of some adults may be as benign 
a process as that of children usually is. The usual benign primary 
infection developed in a region or state not demonstrable by Roentgen 
examination in the majority of both groups studied by Badger and 
Ritvo. A few patients presented roentgenographic evidence of lesions 
without clinical manifestations of disease. Others progressed to clini- 
cally active tuberculosis. The small roentgenographically demonstrable 
lesion might be the single positive finding when an exhaustive study 
of the individual case was completed. Repeated roentgenographic 
studies, weekly and later monthly, were necessary under these circum- 
stances to determine, if possible, whether the lesion was an old healed 
scar, a latent process which might break down at some future time, an 


RADIOLOGY 770 


early destructive lesion, or a benign and innocent process which would 
heal spontaneously. Constitutional resistance, in their experience, was 
a feature of the disease which could not be predicted, but it was most 
important in prognosis and in the development of immunity in cases of 
infection by the tubercle bacillus. 

In an anatomic roentgenographic study of the pleural domes and the 
pulmonary apexes, Jamison‘ found that subpleural apical scars were of 
non-tuberculous origin in many, if not the majority of such lesions. 
He found that the incidence of these lesions increased in frequency 
with advancing age. He demonstrated that normal structures could 
cast shadows on the roentgenogram that could easily be erroneously 
interpreted as those of definite lesions. 

In a discussion of the relation of public health to the preparedness 
program, Wirth® quoted remarks of Parran concerning the problems 
associated with the coérdination of research and the development of 
practical methods of prevention of certain communicable and infectious 
diseases which are major hazards to successful defense. Among the 
problems was the handling of cases of tuberculosis discovered by the 
medical consultants associated with the draft boards. Wirth stressed 
he grave responsibility which rested on the roentgenologist of each 
community in the service of the local draft board in the detection and 
weeding out of persons suffering from tuberculous infection. He pointed 
out the fallacy of allowing the victims to be sent back to work i 
industry and to spread pulmonary tuberculosis among their families 
and their associates. He deprecated the fact that only 15% of the 
industrial workers in the United States were employed in industries 
ry h to ided organized facilities for the maintenance and promotion 
of the health and hygiene of employees. He inferred at least that it 
was inimical to the interests of the remaining 85% that they had to 
rely on general practitioners to protect their health and to care for their 
injuri¢ He felt the solution of the problem involved territorial, local 
and state health officials, as well as individual physicians, medical 
organizations, philanthropic organizations, industrial and labor organi- 
zations, and even private individuals. The fear of many, he stated, was 
that the greater the emergency, the greater would become the centraliza- 
tion. The extent to which this would occur, in his opinion, would be 
determined by the degree of concern of each person with our present 
way of life and the diligence and spirit of public service with which each 
person performed each task as it arose. 

The report*® of a committee to the Board of Chancellors of the Ameri- 
can College of Radiology revealed that attention of the roentgenologists 
has already been focused on this problem. The committee found that 
surveys on tuberculosis have been widely used by local and state 
boards of health, by local and state tuberculosis associations, under the 
auspices of boards of education, industrial insurance carriers, large- 
scale employers and other official and quasi-official bodies. The chief 
function of any survey, the committee felt, should be the elimination 
of the healthy from consideration so that those who need roentgeno- 
graphic examination of the thorax may be identified. The value of a 
survey depends on two factors: 1, the technical quality of the roent- 
genographic image attained by any method; and 2, the training and 
experience of the person or persons interpreting the characteristics of 
this roentgenographic image. 
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The most practical application of all the principles involved in this 
survey method of eliminating tuberculosis was reported by Sheldon.® 
Every applicant accepted for enlistment in the United States Navy 
was sent to a naval training station and kept in detention there for a 
period of 3 weeks, in order to permit the development of any common 
communicable disease resulting from any exposure. In that interim it 
was possible to make an examination of the thorax with the aid of 
Roentgen rays. Photography of the image on the fluorescent screen 
(fluorography) on 35 mm. film in rolls was employed. All persons 
found by this method to have positive or suspicious evidence of incapaci- 
tating disease were sent to naval hospitals for observation and further 
study. When a diagnosis of pulmonary tuberculosis was established 
and confirmed, the afflicted persons were discharged from the service 
because of disease that existed prior to enlistment. By this procedure 
claims on the Government for pensions were eliminated. When these 
patients were discharged, local or state authorities concerned were 
notified of this action, in the hope that steps would be taken to place 
the discharged persons under adequate treatment and thus the interests 
of the individual and, at the same time, those of the community would 
be protected. These authorities were requested to report the condition 
of the patient to the naval medical officers at the end of 6 months. 
By this arrangement, the diagnosis was again confirmed and an oppor- 
tunity was afforded to check for possible errors in diagnosis. 

The appearance of this interesting series of publications in journals of 
recent date proves that the members of the medical profession are alert 
to the needs of the national preparedness program and are prepared 
to meet the problems involved with methods that are efficient, practical, 
and at the same time helpful in conserving the resources of the nation. 
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